EP 4 509 725 A1

(19)

Européisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(11) EP 4 509 725 A1

EUROPEAN PATENT APPLICATION

published in accordance with Art. 153(4) EPC

(43) Date of publication:
19.02.2025 Bulletin 2025/08

(21) Application number: 23835498.9

(22) Date of filing: 03.07.2023

(51) International Patent Classification (IPC):
F15B 20/00 (2006-01) EO2F 9/22(2006.01)
F15B 11/08 (2006.09

(52) Cooperative Patent Classification (CPC):
EO2F 9/22; F15B 11/08; F15B 20/00

(86) International application number:
PCT/JP2023/024679

(87) International publication number:
WO 2024/009966 (11.01.2024 Gazette 2024/02)

(84) Designated Contracting States:
AL AT BEBG CH CY CZDE DK EE ES FI FR GB
GRHRHUIEISITLILT LU LV MC ME MK MT NL
NO PL PT RO RS SE S| SK SM TR
Designated Extension States:
BA
Designated Validation States:
KH MA MD TN

(30) Priority: 04.07.2022 JP 2022107432
(71) Applicant: Hitachi Construction Machinery Co.,

Ltd.
Tokyo 110-0015 (JP)

(72) Inventors:
* SHIMIZU, Juri
Tokyo 100-8280 (JP)
* OKANO, Hajime
Tsuchiura-shi, Ibaraki 300-0013 (JP)
* HIRAKU, Keniji
Tsuchiura-shi, Ibaraki 300-0013 (JP)

(74) Representative: Manitz Finsterwald
Patent- und Rechtsanwaltspartnerschaft mbB
Martin-Greif-Strasse 1
80336 Miinchen (DE)

(54) CONSTRUCTION MACHINE

(57)  Anobject of the present invention is to provide a
construction machine that can suppress the lowering of
the operability when a pressure sensor that measures the
pressure of an actuator for driving a work device involves
a failure in a case in which a closed circuit is formed
between the actuator and a plurality of hydraulic pumps
and the actuator is driven. For this purpose, when de-
termining that an actuator pressure sensor involves a
failure, a controller calculates pseudo-pressure of an
actuator on the basis of a measurement value of a
posture sensor, and calculates the differential pressure
across a closed-circuit selector valve by using the pseu-
do-pressure instead of a measurement value of the ac-
tuator pressure sensor.

57\
57d 57¢c
70a~73b, 80~87 A \ 43a~50d
PRESSURE
PRESSURE ﬁiﬁﬁi SELECTO
SENSOR SENSING R VALVE
SECTION
57b
PRESSURE
COMPUTATIO |13 64~67
e ACTURTOR PROPORTIONA
57a ALLOCATED i
FLOW RATE
N LEVER COMPUTATIO
OPERATION N SECTION
LEVER AMOUNT |
COMPUTATIO
N SECTION
400~403
PSEUDO- 12a~19a 12~19
POSTURE PRESSURE N
SENSOR COMPUTATION
SECTION REGULATOR PUMP
s7e 58
PRESSURE SENSOR :II DISPLAY
FAILURE DEVICE
DIAGNOSIS INPUT [H
GENERATION
DEVICE

Processed by Luminess, 75001 PARIS (FR)



1 EP 4 509 725 A1 2

Description
Technical Field

[0001] The present invention relates to a construction
machine including a hydraulic circuit that drives a hy-
draulic actuator by use of a hydraulic fluid delivered from
a hydraulic pump.

Background Art

[0002] Inrecent years, in construction machines such
as hydraulic excavators, development has been ad-
vanced for a hydraulic circuit connected in such a manner
that a hydraulic operating fluid is sent from a hydraulic
drive source such as a hydraulic pump to a hydraulic
actuator such as a hydraulic cylinder and the hydraulic
operating fluid resulting from execution of work at the
hydraulic actuator is returned to the hydraulic pump with-
out being returned to a tank (defined as closed circuit), in
order to reduce restrictor elements in the hydraulic circuit
that drives the hydraulic actuator to reduce the fuel con-
sumption rate. Moreover, there has been proposed a
configuration in which a pump is connected to the cap
chamber side in order to compensate for difference in the
pressure receiving area of a single-rod cylinder in an
excavator to which the closed circuit is applied.

[0003] In these hydraulic circuits, there has been pro-
posed a configuration that implements combined opera-
tion performed by a plurality of actuators and improve-
ment in the speed during independent operation, by
employing a configuration in which a plurality of pumps
can be redundantly connected to one actuator. In such a
hydraulic circuit in which the actuator as the connection
destination of a pump can be changed, the connection
and interruption between the pump and the actuator need
to be switched. At this time, shock occurs if the differential
pressure between the actuator and the pump is high. In
patent document 1, a hydraulic drive systemis described
that connects a pump to an actuator after making the
pressure difference between the actuator and the pump
small.

Prior Art Document
Patent Document
[0004] Patent Document 1: JP-2015-203453-A
Summary of the Invention

Problem to be Solved by the Invention

[0005] In patent document 1, a pump is connected to
an actuator after the actuator pressure is measured by a
pressure sensor and then the pump pressure is raised to

the measured actuator pressure. Thus, if the pressure
sensor involves a failure, there is a possibility that shock
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occurs to lower the operability when the pump is con-
nected to the actuator, due to raising of the pump pres-
sure to a pressure different from the actual actuator
pressure before the connection of the pump to the ac-
tuator.

[0006] The present invention is made in view of the
above-described problem, and an object thereof is to
provide a construction machine that can suppress the
lowering of the operability when a pressure sensor that
measures the pressure of an actuator for driving a work
device involves afailure in a case in which a closed circuit
is formed between the actuator and a plurality of hydraulic
pumps and the actuator is driven.

Means for Solving the Problem

[0007] Inorderto achieve the above-described object,
the present invention provides a construction machine.
The construction machine includes a work device, an
actuator that drives the work device, a plurality of closed-
circuit pumps of a variable displacement type having two
flow-out/in ports, a plurality of closed-circuit selector
valves capable of switching between communication
and interruption between the actuator and the plurality
of closed-circuit pumps, a posture sensor that senses the
posture of the work device, a plurality of closed-circuit
pump pressure sensors that sense the pressure of the
plurality of closed-circuit pumps, an actuator pressure
sensor that senses the pressure of the actuator, an
operation device that instructs the actuator to act, and
a controller that controls the plurality of closed-circuit
selector valves and the plurality of closed-circuit pumps
in response to an input signal from the operation device.
The controller is configured to, when supply of a hydraulic
operating fluid from one closed-circuit pump among the
plurality of closed-circuit pumps to the actuator is started,
open one closed-circuit selector valve corresponding to
the one closed-circuit pump among the plurality of
closed-circuit selector valves after controlling, in a state
in which the one closed-circuit selector valve is closed,
the one closed-circuit pump in such a manner that the
differential pressure across the closed-circuit selector
valve that is the difference between a measurement
value of one closed-circuit pump pressure sensor corre-
sponding to the one closed-circuit pump and a measure-
ment value of the actuator pressure sensor becomes
equal to or lower than a predetermined first threshold.
The controller is configured to, in a state in which two or
more closed-circuit pumps among the plurality of closed-
circuit pumps are connected to the actuator, determine
whether a failure of the actuator pressure sensor exists
on the basis of measurement values of two or more
closed-circuit pump pressure sensors corresponding to
the two or more closed-circuit pumps among the plurality
of closed-circuit pump pressure sensors and the mea-
surement value of the actuator pressure sensor. The
controller is configured to, when determining that the
actuator pressure sensor involves a failure, calculate
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pseudo-pressure of the actuator on the basis of a mea-
surement value of the posture sensor and calculate the
differential pressure across the closed-circuit selector
valve by using the pseudo-pressure instead of the mea-
surement value of the actuator pressure sensor.

[0008] According to the present invention configured
as above, it becomes possible to correctly determine a
failure of the actuator pressure sensor on the basis of the
result of comparison between the measurement value of
the actuator pressure sensor and the measurement va-
lues of the two or more closed-circuit pump pressure
sensors. Furthermore, when the actuator pressure sen-
sor involves a failure, the differential pressure across the
closed-circuit selector valve is calculated by using the
pseudo-pressure of the actuator calculated according to
the posture of the work device instead of the measure-
ment value of the pressure sensor involving the failure.
As a result, shock when the closed-circuit pump is con-
nected to the actuator is suppressed. Thus, the lowering
of the operability can be prevented.

Advantages of the Invention

[0009] According to the construction machine in accor-
dance with the present invention, it becomes possible to
suppress the lowering of the operability when the pres-
sure sensor that measures the pressure of the actuator
for driving the work device involves a failure.

Brief Description of the Drawings
[0010]

FIG. 1 is a side view of a hydraulic excavator in an
embodiment of the present invention.

FIG. 2 is a hydraulic circuit diagram of a hydraulic
drive system mounted in the hydraulic excavator in
the embodiment of the present invention.

FIG. 3 is a functional block diagram of a controller in
the embodiment of the present invention.

FIG. 4 is a time chart illustrating state change of the
hydraulic drive system when extension action of a
boom cylinder is caused in the embodiment of the
present invention.

FIG. 5 is a flowchart illustrating part of processing
executed by a pressure sensor failure sensing sec-
tion in the embodiment of the present invention.
FIG. 6 is a diagram illustrating posture change of the
hydraulic excavator when extension action of anarm
cylinder is caused in the embodiment of the present
invention.

FIG. 7 is a diagram illustrating the relationship be-
tween the stroke and the pressure of a cap chamber
regarding the arm cylinder in the embodiment of the
present invention.

FIG. 8 is a flowchart illustrating processing executed
by a pressure sensor failure diagnosis input genera-
tion section in the embodiment of the present inven-
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tion.

FIG. 9 is a time chart illustrating state change of the
hydraulic drive system depending on the input of a
pressure sensor failure diagnosis input generation
device in the embodiment of the present invention.

Modes for Carrying Out the Invention

[0011] Description will be given below with reference to
the drawings by taking a hydraulic excavator as an ex-
ample of the construction machine according to the pre-
sent invention. Note that, in the respective diagrams, an
equivalent component is given the same numeral, and
overlapping description is omitted as appropriate.
[0012] FIG.1isaside view ofthe hydraulicexcavatorin
the present embodiment. FIG. 2 is a hydraulic circuit
diagram of a hydraulic drive system mounted in the
hydraulic excavator in the present embodiment.

[0013] As illustrated in FIG. 1, a hydraulic excavator
100 includes a lower track structure 102 including track
devices 101a and 101b of a crawler type on both sides in
the left-right direction and an upper swing structure 103
swingably attached onto the lower track structure 102. A
cab 104 in which an operator rides is disposed on the
upper swing structure 103. The upper swing structure
103 is swingably attached to the lower track structure 102
with the interposition of a swing device 105. The track
devices 101aand 101b are driven by travelling motors 8a
and 8b (illustrated in FIG. 2), and the swing device 105 is
driven by a swing motor 7 (illustrated in FIG. 2).

[0014] A base end portion of a front work implement
106 that is a work device for executing, for example,
excavation work is attached to the front side of the upper
swing structure 103 pivotally in the upward-downward
direction. The front work implement 106 includes a boom
2 having a base end portion joined to the front side of the
upper swing structure 103 pivotally in the upward-down-
ward direction. The boom 2 operates through a boom
cylinder 1 that is a single-rod hydraulic cylinder driven by
a hydraulic operating fluid (hydraulic fluid) as a supplied
fluid. In the boom cylinder 1, a tip portion of a rod 1c is
joined to the upper swing structure 103 and a base end
portion of a cylinder tube 1d is joined to the boom 2.
[0015] As illustrated in FIG. 2, the boom cylinder 1
includes a cap chamber 1a that is a first hydraulic oper-
ating fluid chamber on the cap side, that is located on the
base end side of the cylinder tube 1d, and that is supplied
with the hydraulic operating fluid to press a piston 1e,
which is attached to a base end portion of the rod 1c, to
give a load based on the hydraulic operating fluid pres-
sure to cause extension movement of the rod 1c. Further-
more, the boom cylinder 1 includes arod chamber 1basa
second hydraulic operating fluid chamber on the rod side,
thatis located on the tip side of the cylinder tube 1d and is
supplied with the hydraulic operating fluid to press the
piston 1e to give a load based on the hydraulic operating
fluid pressure to cause contraction movement of the rod
1c.



5 EP 4 509 725 A1 6

[0016] Referring back to FIG. 1, a base end portion of
an arm 4 is joined to a tip portion of the boom 2 in such a
manner as to be capable of being raised and lowered.
The arm 4 operates through an arm cylinder 3 that is a
single-rod hydraulic cylinder. In the arm cylinder 3, a tip
portion of a rod 3c is joined to the arm 4 and a cylinder
tube 3d of the arm cylinder 3 is joined to the boom 2.
[0017] As illustrated in FIG. 2, the arm cylinder 3 in-
cludes a cap chamber 3a that is located on the base end
side of the cylinder tube 3d and is supplied with the
hydraulic operating fluid to press a piston 3e attached
to a base end portion of the rod 3¢ and cause extension
movement of the rod 3c. Moreover, the arm cylinder 3
includes arod chamber 3b thatis located on the tip side of
the cylinder tube 3d and is supplied with the hydraulic
operating fluid to press the piston 3e and cause contrac-
tion movement of the rod 3c.

[0018] ReferringbacktoFIG. 1, abase end portion of a
bucket 6 is joined to a tip portion of the arm 4 in such a
manner as to be capable of being raised and lowered.
The bucket 6 operates through a bucket cylinder 5 that is
a single-rod hydraulic cylinder as a hydraulic actuator
driven by the supplied hydraulic operating fluid. In the
bucket cylinder 5, a tip portion of a rod 5c is joined to the
bucket 6 and the base end of a cylinder tube 5d of the
bucket cylinder 5 is joined to the arm 4.

[0019] As illustrated in FIG. 2, the bucket cylinder 5
includes a cap chamber 5a thatis located on the base end
side of the cylinder tube 5d and is supplied with the
hydraulic operating fluid to press a piston 5e attached
to a base end portion of the rod 5¢ and cause extension
movement of the rod 5¢. Furthermore, the bucket cylinder
5includes a rod chamber 5b that is located on the tip side
of the cylinder tube 5d and is supplied with the hydraulic
operating fluid to press the piston 5e and cause contrac-
tion movement of the rod 5c.

[0020] Note that each of the boom cylinder 1, the arm
cylinder 3, and the bucket cylinder 5 executes exten-
sion/contraction action by the supplied hydraulic operat-
ing fluid and is driven to extend or contract according to
the supply direction of this supplied hydraulic operating
fluid. The hydraulic excavator 100 in the present embodi-
ment is a backhoe excavator, and is configured in such a
manner that the bucket 6 is pulled back rearward by
extending the arm cylinder 3 or the bucket cylinder 5.
[0021] The boom 2 is equipped with a posture sensor
400 that can measure the posture angle. The arm 4 is
equipped with a posture sensor 401 that can measure the
posture angle. The bucket 6 is equipped with a posture
sensor 402 that can measure the posture angle. The
upper swing structure 103 is equipped with a posture
sensor 403 that can measure the swing angle and the
posture of the upper swing structure. The posture angle
of the upper swing structure 103 in a case of the hydraulic
excavator 100 being stopped on a slope can also be
measured by the posture sensor 403.

[0022] Asillustratedin FIG. 2, a hydraulic drive system
107 includes four closed-circuit pumps connected in a
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closed circuit and four open-circuit pumps connected in
an open circuit with respect to three kinds of single-rod
hydraulic cylinders and three kinds of hydraulic motors.
When driving the single-rod hydraulic cylinder, the hy-
draulic drive system 107 executes flow rate control by
combining one closed-circuit pump and one open-circuit
pump. Furthermore, selector valves are disposed for
each of these respective hydraulic pumps, and a config-
uration in which a plurality of closed-circuit pumps and a
plurality of open-circuit pumps can join for one single-rod
hydraulic cylinder is made. Moreover, at the time of join-
ing for one single-rod hydraulic cylinder, the selector
valves are controlled by a controller in such a manner
that one closed-circuit pump and one open-circuit pump
are combined to join.

[0023] The hydraulic drive system 107 is a drive sys-
tem for driving the hydraulic excavator 100 and is
mounted in the upper swing structure 103. The hydraulic
drive system 107 is used for driving of the swing motor 7
and the travelling motors 8a and 8b in addition to the
boom cylinder 1, the arm cylinder 3, and the bucket
cylinder 5 forming the front work implement 106. The
swing motor 7 and the travelling motors 8a and 8b are
hydraulic motors that receive supply of the hydraulic
operating fluid and are rotationally driven.

[0024] Furthermore, the hydraulic drive system 107
drives the boom cylinder 1, the arm cylinder 3, the bucket
cylinder 5, the swing motor 7, and the travelling motors 8a
and 8b, which are hydraulic actuators, according to op-
eration of an operation device 56 installed in a cab 101.
Here, an instruction regarding extension/contraction ac-
tion, that is, the action direction and the action speed, of
the boom cylinder 1, the arm cylinder 3, and the bucket
cylinder 5 is made on the basis of the operation direction
and the operation amount of the respective levers 56a to
56d of the operation device 56.

[0025] Moreover, the hydraulic drive system 107 in-
cludes an engine 9 thatis a power source. The engine 9 is
formed of, for example, predetermined gears and is
connected to a power transmission device 10 for distri-
buting power. Hydraulic pumps 12, 13, ---, 19 that are
variable flow rate hydraulic pumps and a charge pump 11
that replenishes a flow line 229 to be described later with
the hydraulic fluid are each connected to the power
transmission device 10.

[0026] Moreover, the hydraulic pumps 12, 14, 16, and
18 are closed-circuit pumps of the variable displacement
type including a bidirectionally tiltable swash plate me-
chanism (notillustrated) having input/output ports as two,
that is, a pair of flow-out/in ports, that allow the hydraulic
operating fluid to flow out/in in both directions, and a
regulator 12a, 14a, 16a, or 18a that regulates the tilting
angle (inclination angle) of a swash plate of the bidirec-
tionally tiltable type forming this bidirectionally tiltable
swash plate mechanism. The regulators 12a, 14a, 16a,
and 18a regulate the tilting angle of the swash plate of the
corresponding closed-circuit pump 12, 14, 16, or 18 and
control the flow rate of the hydraulic operating fluid de-
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livered from the closed-circuit pump 12, 14, 16, or 18 in
response to an operation signal output from a controller
57. Furthermore, the closed-circuitpumps 12, 14, 16, and
18 function as a hydraulic motor when receiving supply of
the hydraulic operating fluid.

[0027] Moreover, the hydraulic pumps 13, 15, 17, and
19 are open-circuit pumps of the variable displacement
type including a unidirectionally tiltable swash plate me-
chanism (notillustrated) having a flow-out port that allows
the hydraulic operating fluid to flow out/in in a single
direction and a regulator 13a, 15a, 17a, or 19a that
regulates the tilting angle (inclination angle) of a swash
plate of the unidirectionally tiltable type forming this uni-
directionally tiltable swash plate mechanism. The regu-
lators 13a, 15a, 17a, and 19a regulate the tilting angle of
the swash plate of the corresponding open-circuit pump
13, 15, 17, or 19 and control the flow rate of the hydraulic
operating fluid delivered from the open-circuit pump 13,
15, 17, or 19 in response to the operation signal output
from the controller 57.

[0028] Furthermore, the tilting swash plate mechan-
isms of the hydraulic pumps 12, 13, -+, 19include means
(not illustrated) that senses the tilting angle and can use
the means when the delivery flow rate is used for a trigger
as the switching timing of the selector valve in atime chart
illustrated in FIG. 4 to be described later. Alternatively, the
tilting swash plate mechanisms may include means that
measures the control pressure of the regulator of the
hydraulicpump 12, 13, --+, 19, and regarding each pump,
the tilting state of the swash plate and the delivery flow
rate may be calculated from the control pressure of the
regulator.

[0029] Moreover, the closed-circuit pumps 12, 14, 16,
and 18 have a structure that can generate a driving force
by the regulator for both of the direction in which the tilting
angle is set to the maximum angle and the direction in
which the tilting angle is set to the minimum angle be-
cause the tilting angle of the swash plate is controlled in
two directions. In contrast, with the open-circuit pumps
13, 15,17, and 19, because the tilting angle of the swash
plate is controlled in one direction, the driving force by the
regulator acts only in the direction in which the tilting
angle is set to the maximum angle, and a return to the
minimum angle depends on a restoring force by a spring.
Thus, the responsiveness when the tilting angle is con-
trolled in such a direction as to decrease the delivery
amount is higher in the closed-circuit pumps 12, 14, 16,
and 18.

[0030] Specifically, a flow line 200 is connected to one
input/output port of the first closed-circuit pump 12, and a
flow line 201 is connected to the other input/output port.
Multiple, for example, four, selector valves 43a, 43b, 43c,
and 43d are connected to the flow lines 200 and 201. The
selector valves 43a, 43b, and 43c are closed-circuit
selector valves for switching supply of the hydraulic
operating fluid supplied to the boom cylinder 1, the arm
cylinder 3, and the bucket cylinder 5 connected to the first
closed-circuit pump 12 in a closed circuit manner.
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Furthermore, the selector valve 43d is a closed-circuit
selector valve for the hydraulic motor for switching supply
of the hydraulic operating fluid supplied to the swing
motor 7 connected to the first closed-circuit pump 12 in
a closed circuit manner. In addition, the selector valves
43a, 43b, 43c, and 43d are configured to execute switch-
ing between conduction and interruption of the flow lines
200 and 201 in response to the operation signal output
from the controller 57, and are set to the interrupting state
when the output of the operation signal from the controller
57 does not exist. The controller 57 executes control to
keep the selector valves 43a, 43b, 43c, and 43d from
simultaneously becoming the conductive state.

[0031] Moreover, the selector valve 43a is connected
to the boom cylinder 1 through flow lines 212 and 213.
Thus, the first closed-circuit pump 12 forms a closed
circuit A in which the first closed-circuit pump 12 is con-
nected to the boom cylinder 1 through the flow lines 200
and 201, the selector valve 43a, and the flow lines 212
and 213 in a closed circuit manner when the selector
valve 43a has become the conductive state in response
to the operation signal output from the controller 57.
[0032] Furthermore, the selector valve 43b is con-
nected to the arm cylinder 3 through flow lines 214 and
215. Thus, the first closed-circuit pump 12 forms a closed
circuit B in which the first closed-circuit pump 12 is con-
nected to the arm cylinder 3 through the flow lines 200
and 201, the selector valve 43b, and the flow lines 214
and 215 in a closed circuit manner when the selector
valve 43b has become the conductive state in response
to the operation signal output from the controller 57.
[0033] Moreover, the selector valve 43c is connected
to the bucket cylinder 5 through flow lines 216 and 217.
Thus, the first closed-circuit pump 12 forms a closed
circuit C in which the first closed-circuit pump 12 is con-
nected to the bucket cylinder 5 through the flow lines 200
and 201, the selector valve 43c, and the flow lines 216
and 217 in a closed circuit manner when the selector
valve 43c has become the conductive state due to the
operation signal from the controller 57.

[0034] Furthermore, the selector valve 43d is con-
nected to the swing motor 7 through flow lines 218 and
219. Thus, the first closed-circuit pump 12 forms a closed
circuit D in which the first closed-circuit pump 12 is con-
nected to the swing motor 7 through the flow lines 200 and
201, the selector valve 43d, and the flow lines 218 and
219 in a closed circuit manner when the selector valve
43d has become the conductive state due to the opera-
tion signal from the controller 57.

[0035] Here, the flow line 212 is also a connection flow
line for the hydraulic cylinder for independently connect-
ing the boom cylinder 1 to a plurality of selector valves
443, 463, 48a, and 50a of open circuits E, F, G, and H to
be described later. Furthermore, the flow line 214 isalsoa
connection flow line for the hydraulic cylinder for inde-
pendently connecting the arm cylinder 3 to a plurality of
selector valves 44b, 46b, 48b, and 50b of the open
circuits E, F, G, and H to be described later. Moreover,
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the flow line 216 is also a connection flow line for the
hydraulic cylinder forindependently connecting the buck-
et cylinder 5 to a plurality of selector valves 44c, 46¢, 48c,
and 50c of the open circuits E, F, G, and H to be described
later.

[0036] Furthermore, aflowline 203 is connected toone
input/output port of the second closed-circuit pump 14,
and a flow line 204 is connected to the other input/output
port of the second closed-circuit pump 14. Multiple, for
example, four, selector valves 45a, 45b, 45¢, and 45d are
connected to the flow lines 203 and 204. The selector
valves 45a, 45b, and 45c are closed-circuit selector
valves for switching supply of the hydraulic operating
fluid supplied to the boom cylinder 1, the arm cylinder
3, and the bucket cylinder 5 connected to the second
closed-circuit pump 14 in a closed circuit manner.
Furthermore, the selector valve 45d is a closed-circuit
selector valve for the hydraulic motor for switching supply
of the hydraulic operating fluid supplied to the swing
motor 7 connected to the second closed-circuit pump
14 in a closed circuit manner. In addition, the selector
valves 45a, 45b, 45¢, and 45d are configured to execute
switching between conduction and interruption of the flow
lines 203 and 204 in response to the operation signal
output from the controller 57, and become the interrupt-
ing state when the output of the operation signal from the
controller 57 does not exist. The controller 57 executes
control to keep the selector valves 45a, 45b, 45¢, and 45d
from simultaneously becoming the conductive state.
[0037] Moreover, the selector valve 45a is connected
to the boom cylinder 1 through the flow lines 212 and 213.
Thus, the second closed-circuit pump 14 forms the
closed circuit A in which the second closed-circuit pump
14 is connected to the boom cylinder 1 through the flow
lines 203 and 204, the selector valve 45a, and the flow
lines 212 and 213 in a closed circuit manner when the
selector valve 45a has become the conductive state due
to the operation signal from the controller 57. Further-
more, the selector valve 45b is connected to the arm
cylinder 3 through the flow lines 214 and 215. Thus, the
second closed-circuit pump 14 forms the closed circuit B
in which the second closed-circuit pump 14 is connected
to the arm cylinder 3 through the flow lines 203 and 204,
the selector valve 45b, and the flow lines 214 and 215ina
closed circuit manner when the selector valve 45b has
become the conductive state due to the operation signal
from the controller 57.

[0038] Moreover, the selector valve 45c¢ is connected
to the bucket cylinder 5 through the flow lines 216 and
217. Thus, the second closed-circuit pump 14 forms the
closed circuit C in which the second closed-circuit pump
14 is connected to the bucket cylinder 5 through the flow
lines 203 and 204, the selector valve 45c, and the flow
lines 216 and 217 in a closed circuit manner when the
selector valve 45¢ has become the conductive state due
to the operation signal from the controller 57. Further-
more, the selector valve 45d is connected to the swing
motor 7 through the flow lines 218 and 219. Thus, the
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second closed-circuit pump 14 forms the closed circuit D
in which the second closed-circuit pump 14 is connected
to the swing motor 7 through the flow lines 203 and 204,
the selector valve 45d, and the flow lines 218 and 219ina
closed circuit manner when the selector valve 45d has
become the conductive state due to the operation signal
from the controller 57.

[0039] Next, a flow line 206 is connected to one inpu-
t/output port of the third closed-circuit pump 16, and a flow
line 207 is connected to the other input/output port of the
third closed-circuit pump 16. Multiple, for example, four,
selector valves 47a, 47b, 47¢c, and 47d are connected to
the flow lines 206 and 207. The selector valves 47a, 47b,
and 47c are closed-circuit selector valves for switching
supply of the hydraulic operating fluid supplied to the
boom cylinder 1, the arm cylinder 3, and the bucket
cylinder 5 connected to the third closed-circuit pump
16 in a closed circuit manner. Furthermore, the selector
valve 47d is a closed-circuit selector valve for the hy-
draulic motor for switching supply of the hydraulic oper-
ating fluid supplied to the swing motor 7 connected to the
third closed-circuit pump 16 in a closed circuit manner. In
addition, the selector valves 47a, 47b, 47c, and 47d are
configured to execute switching between conduction and
interruption of the flow lines in response to the operation
signal output from the controller 57, and become the
interrupting state when the output of the operation signal
from the controller 57 does not exist. The controller 57
executes control to keep the selector valves 47a, 47b,
47c¢, and 47d from simultaneously becoming the conduc-
tive state.

[0040] Moreover, the selector valve 47a is connected
to the boom cylinder 1 through the flow lines 212 and 213.
Thus, the third closed-circuit pump 16 forms the closed
circuit A in which the third closed-circuit pump 16 is
connected to the boom cylinder 1 through the flow lines
206 and 207, the selector valve 47a, and the flow lines
212 and 213 in a closed circuit manner when the selector
valve 47a has become the conductive state due to the
operation signal from the controller 57. Furthermore, the
selector valve 47b is connected to the arm cylinder 3
through the flow lines 214 and 215. Thus, the third closed-
circuit pump 16 forms the closed circuit B in which the
third closed-circuit pump 16 is connected to the arm
cylinder 3 through the flow lines 206 and 207, the selector
valve 47b, and the flow lines 214 and 215 in a closed
circuit manner when the selector valve 47b has become
the conductive state due to the operation signal from the
controller 57.

[0041] Moreover, the selector valve 47c¢ is connected
to the bucket cylinder 5 through the flow lines 216 and
217. Thus, the third closed-circuit pump 16 forms the
closed circuit C in which the third closed-circuit pump 16
is connected to the bucket cylinder 5 through the flow
lines 206 and 207, the selector valve 47c, and the flow
lines 216 and 217 in a closed circuit manner when the
selector valve 47¢ has become the conductive state due
to the operation signal from the controller 57. Further-
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more, the selector valve 47d is connected to the swing
motor 7 through the flow lines 218 and 219. Thus, the third
closed-circuit pump 16 forms the closed circuit D in which
the third closed-circuit pump 16 is connected to the swing
motor 7 through the flow lines 206 and 207, the selector
valve 47d, and the flow lines 218 and 219 in a closed
circuit manner when the selector valve 47d has become
the conductive state due to the operation signal from the
controller 57.

[0042] Next, a flow line 209 is connected to one inpu-
t/output port of the fourth closed-circuit pump 18, and a
flow line 210 is connected to the other input/output port of
the fourth closed-circuit pump 18. Multiple, for example,
four, selector valves 49a, 49b, 49c, and 49d are con-
nected to the flow lines 209 and 210. The selector valves
49a, 49b, and 49c are closed-circuit selector valves for
switching supply of the hydraulic operating fluid supplied
to the boom cylinder 1, the arm cylinder 3, and the bucket
cylinder 5 connected to the fourth closed-circuit pump 18
in a closed circuit manner. Furthermore, the selector
valve 49d is a closed-circuit selector valve for the hy-
draulic motor for switching supply of the hydraulic oper-
ating fluid supplied to the swing motor 7 connected to the
fourth closed-circuit pump 18 in a closed circuit manner.
In addition, the selector valves 49a, 49b, 49c, and 49d are
configured to execute switching between conduction and
interruption of the flow lines in response to the operation
signal output from the controller 57, and are set to the
interrupting state when the output of the operation signal
from the controller 57 does not exist. The controller 57
executes control to keep the selector valves 49a, 49b,
49c, and 49d from simultaneously becoming the conduc-
tive state.

[0043] Moreover, the selector valve 49a is connected
to the boom cylinder 1 through the flow lines 212 and 213.
Thus, the fourth closed-circuit pump 18 forms the closed
circuit A in which the fourth closed-circuit pump 18 is
connected to the boom cylinder 1 through the flow lines
209 and 210, the selector valve 49a, and the flow lines
212 and 213 in a closed circuit manner when the selector
valve 49a has become the conductive state due to the
operation signal from the controller 57. Furthermore, the
selector valve 49b is connected to the arm cylinder 3
through the flow lines 214 and 215. Thus, the fourth
closed-circuit pump 18 forms the closed circuit B in which
the fourth closed-circuit pump 18 is connected to the arm
cylinder 3 through the flow lines 209 and 210, the selector
valve 49b, and the flow lines 214 and 215 in a closed
circuit manner when the selector valve 49b has become
the conductive state due to the operation signal from the
controller 57.

[0044] Moreover, the selector valve 49c is connected
to the bucket cylinder 5 through the flow lines 216 and
217. Thus, the fourth closed-circuit pump 18 forms the
closed circuit C in which the fourth closed-circuit pump 18
is connected to the bucket cylinder 5 through the flow
lines 209 and 210, the selector valve 49c, and the flow
lines 216 and 217 in a closed circuit manner when the
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selector valve 49c has become the conductive state due
to the operation signal from the controller 57. Further-
more, the selector valve 49d is connected to the swing
motor 7 through the flow lines 218 and 219. Thus, the
fourth closed-circuit pump 18 forms the closed circuit D in
which the fourth closed-circuit pump 18 is connected to
the swing motor 7 through the flow lines 209 and 210, the
selector valve 49d, and the flow lines 218 and 219 in a
closed circuit manner when the selector valve 49d has
become the conductive state due to the operation signal
from the controller 57.

[0045] Moreover, multiple, for example, four, selector
valves 44a, 44b, 44c, and 44d and a relief valve 21 are
connected to one input/output port of the first open-circuit
pump 13 through a flow line 202. The other input/output
port of the first open-circuit pump 13 is connected to a
hydraulic operating fluid tank 25 to form the open circuit
E. The selector valves 44a, 44b, 44c, and 44d are open-
circuit selector valves that execute switching between
conduction and interruption of the flow line 202 in re-
sponse to the operation signal output from the controller
57 and switch the supply destination of the hydraulic
operating fluid caused to flow out from the first open-
circuit pump 13 to a coupling flow line 301, 302, 303, or
304 to be described later. The selector valves 44a, 44b,
44c, and 44d are set to the interrupting state when the
output of the operation signal from the controller 57 does
not exist. The controller 57 executes control to keep the
selector valves 44a, 44b, 44c, and 44d from simulta-
neously becoming the conductive state.

[0046] Furthermore, the selector valve 44a is con-
nected to the boom cylinder 1 through the coupling flow
line 301 and the flow line 212. The coupling flow line 301
is a coupling line disposed to branch from the flow line
212. Moreover, the selector valve 44b is connected to the
arm cylinder 3 through the coupling flow line 302 and the
flow line 214. The coupling flow line 302 is a coupling line
disposed to branch from the flow line 214. Furthermore,
the selector valve 44c is connected to the bucket cylinder
5 through the coupling flow line 303 and the flow line 216.
The coupling flow line 303 is a coupling line disposed to
branch from the flow line 216. Moreover, the selector
valve 44d is connected to proportional selector valves 54
and 55 that are control valves to control feed and dis-
charge of the hydraulic operating fluid to the travelling
motors 8a and 8b through the coupling flow line 304 and a
flow line 220. Meanwhile, when the hydraulic operating
fluid pressure in the flow line 202 has become equal to or
higher than a predetermined pressure, the relief valve 21
causes the hydraulic operating fluid in the flow line 202 to
escape to the hydraulic operating fluid tank 25 and pro-
tects the flow line 202 and hence the hydraulic drive
system 107 (hydraulic circuit).

[0047] Furthermore, a proportional valve 64 as a pres-
sure compensated flow control valve is connected be-
tween the flow line 202 and the hydraulic operating fluid
tank 25. The proportional valve 64 is disposed on a
branch flow line 202a as a line that is made to branch
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from the flow line 202, which is the line that couples the
selectorvalves 44a, 44b, 44c, and 44d with the first open-
circuit pump 13, and leads to the hydraulic operating fluid
tank 25. Thus, the proportional valve 64 controls the flow
rate of the hydraulic operating fluid caused to flow from
the flow line 202 to the hydraulic operating fluid tank 25 in
response to the operation signal output from the con-
troller 57. In addition, the proportional valve 64 is set to
the interrupting state when the output of the operation
signal from the controller 57 does not exist.

[0048] Moreover, multiple, for example, four, selector
valves 46a, 46b, 46¢, and 46d and a relief valve 22 are
connected to one input/output port of the second open-
circuit pump 15 through a flow line 205. The other in-
put/output port of the second open-circuit pump 15 is
connected to the hydraulic operating fluid tank 25 to form
the open circuit F. The selector valves 46a, 46b, 46¢, and
46d are open-circuit selector valves that execute switch-
ing between conduction and interruption of the flow line
205 in response to the operation signal output from the
controller 57 and switch the supply destination of the
hydraulic operating fluid caused to flow out from the
second open-circuit pump 15 to the coupling flow line
301, 302, 303, or 304. The selector valves 46a, 46b, 46c¢,
and 46d are set to the interrupting state when the output
of the operation signal from the controller 57 does not
exist. The controller 57 executes control to keep the
selector valves 46a, 46b, 46¢, and 46d from simulta-
neously becoming the conductive state.

[0049] Furthermore, the selector valve 46a is con-
nected to the boom cylinder 1 through the coupling flow
line 301 and the flow line 212. The selector valve 46b is
connected to the arm cylinder 3 through the coupling flow
line 302 and the flow line 214. Moreover, the selector
valve 46¢ is connected to the bucket cylinder 5 through
the coupling flow line 303 and the flow line 216. The
selector valve 46d is connected to the proportional se-
lector valves 54 and 55 through the coupling flow line 304
and the flow line 220. Meanwhile, when the hydraulic
operating fluid pressure in the flow line 205 has become
equal to or higher than a predetermined pressure, the
relief valve 22 causes the hydraulic operating fluid in the
flow line 205 to escape to the hydraulic operating fluid
tank 25 and protects the flow line 205.

[0050] Furthermore, a proportional valve 65 as a pres-
sure compensated flow control valve is connected be-
tween the flow line 205 and the hydraulic operating fluid
tank 25. The proportional valve 65 is disposed on a
branch flow line 205a as a line that is made to branch
from the flow line 205, which is the line that couples the
selector valves 46a, 46b, 46¢, and 46d with the second
open-circuit pump 15, and leads to the hydraulic operat-
ing fluid tank 25. Thus, the proportional valve 65 controls
the flow rate of the hydraulic operating fluid caused to flow
from the flow line 205 to the hydraulic operating fluid tank
25 in response to the operation signal output from the
controller 57. In addition, the proportional valve 65 is set
to the interrupting state when the output of the operation
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signal from the controller 57 does not exist.

[0051] Moreover, multiple, for example, four, selector
valves 48a, 48b, 48c, and 48d and a relief valve 23 are
connected to one input/output port of the third open-
circuit pump 17 through a flow line 208. The other in-
put/output port of the third open-circuit pump 17 is con-
nected to the hydraulic operating fluid tank 25 to form the
open circuit G. The selector valves 48a, 48b, 48c, and
48d are open-circuit selector valves that execute switch-
ing between conduction and interruption of the flow line
208 in response to the operation signal output from the
controller 57 and switch the supply destination of the
hydraulic operating fluid caused to flow out from the third
open-circuit pump 17 to the coupling flow line 301, 302,
303, or 304. The selector valves 48a, 48b, 48c, and 48d
are set to the interrupting state when the output of the
operation signal from the controller 57 does not exist. The
controller 57 executes control to keep the selector valves
48a, 48b, 48c, and 48d from simultaneously becoming
the conductive state.

[0052] Furthermore, the selector valve 48a is con-
nected to the boom cylinder 1 through the coupling flow
line 301 and the flow line 212. The selector valve 48b is
connected to the arm cylinder 3 through the coupling flow
line 302 and the flow line 214. Moreover, the selector
valve 48c is connected to the bucket cylinder 5 through
the coupling flow line 303 and the flow line 216. The
selector valve 48d is connected to the proportional se-
lector valves 54 and 55 through the coupling flow line 304
and the flow line 220. Meanwhile, when the hydraulic
operating fluid pressure in the flow line 208 has become
equal to or higher than a predetermined pressure, the
relief valve 23 causes the hydraulic operating fluid in the
flow line 208 to escape to the hydraulic operating fluid
tank 25 and protects the flow line 208.

[0053] Furthermore, a proportional valve 66 as a pres-
sure compensated flow control valve is connected be-
tween the flow line 208 and the hydraulic operating fluid
tank 25. The proportional valve 66 is disposed on a
branch flow line 208a as a line that is made to branch
from the flow line 208, which is the line that couples the
selector valves 48a, 48b, 48c, and 48d with the third
open-circuit pump 17, and leads to the hydraulic operat-
ing fluid tank 25. Thus, the proportional valve 66 controls
the flow rate of the hydraulic operating fluid caused to flow
from the flow line 208 to the hydraulic operating fluid tank
25 in accordance with the operation signal output from
the controller 57. In addition, the proportional valve 66 is
set to the interrupting state when the output of the opera-
tion signal from the controller 57 does not exist.

[0054] Moreover, multiple, for example, four, selector
valves 50a, 50b, 50c, and 50d and a relief valve 24 are
connected to one input/output port of the fourth open-
circuit pump 19 through a flow line 211. The other in-
put/output port of the fourth open-circuit pump 19 is
connected to the hydraulic operating fluid tank 25 to form
the open circuit H. The selector valves 50a, 50b, 50c, and
50d are open-circuit selector valves that execute switch-
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ing between conduction and interruption of the flow line
211 in response to the operation signal output from the
controller 57 and switch the supply destination of the
hydraulic operating fluid caused to flow out from the
fourth open-circuit pump 19 to the coupling flow line
301, 302, 303, or 304. The selector valves 50a, 50b,
50c, and 50d are set to the interrupting state when the
output of the operation signal from the controller 57 does
not exist. The controller 57 executes control to keep the
selector valves 50a, 50b, 50c, and 50d from simulta-
neously becoming the conductive state.

[0055] Furthermore, the selector valve 50a is con-
nected to the boom cylinder 1 through the coupling flow
line 301 and the flow line 212. The selector valve 50b is
connected to the arm cylinder 3 through the coupling flow
line 302 and the flow line 214. Moreover, the selector
valve 50c is connected to the bucket cylinder 5 through
the coupling flow line 303 and the flow line 216. The
selector valve 50d is connected to the proportional se-
lector valves 54 and 55 through the coupling flow line 304
and the flow line 220. Meanwhile, when the hydraulic
operating fluid pressure in the flow line 211 has become
equal to or higher than a predetermined pressure, the
relief valve 24 causes the hydraulic operating fluid in the
flow line 211 to escape to the hydraulic operating fluid
tank 25 and protects the flow line 211.

[0056] Furthermore, a pressure compensated propor-
tional valve 67 is connected between the flow line 211 and
the hydraulic operating fluid tank 25. The proportional
valve 67 is disposed on a branch flow line 211a as a line
thatis made to branch from the flow line 211, which is the
line that couples the selector valves 50a, 50b, 50c, and
50d with the fourth open-circuit pump 19, and leads to the
hydraulic operating fluid tank 25. Thus, the proportional
valve 67 controls the flow rate of the hydraulic operating
fluid caused to flow from the flow line 211 to the hydraulic
operating fluid tank 25 in response to the operation signal
output from the controller 57. In addition, the proportional
valve 67 is set to the interrupting state when the output of
the operation signal from the controller 57 does not exist.
[0057] Here, the coupling flow line 301 is composed of
connection flow lines 305a, 306a, 307a, and 308a for the
open circuit connected to the delivery side, which is the
side to which the hydraulic operating fluid of at least one
selector valve 44a, 46a, 48a, or 50a in the plurality of
open circuits E, F, G, and H is caused to flow out, and a
connection flow line 309a for the closed circuit connected
to the flow line 212 forming the closed circuit A. The
coupling flow line 302 is composed of connection flow
lines 305b, 306b, 307b, and 308b for the open circuit
connected to the delivery side, which is the side to which
the hydraulic operating fluid of at least one selector valve
44b, 46b, 48b, or 50b in the plurality of open circuits E, F,
G, and H is caused to flow out, and a connection flow line
309b for the closed circuit connected to the flow line 214
forming the closed circuit B. The coupling flow line 303 is
composed of connection flow lines 305¢, 306¢, 307¢, and
308c for the open circuit connected to the delivery side,
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which is the side to which the hydraulic operating fluid of
at least one selector valve 44c, 46¢, 48c, or 50c in the
plurality of open circuits E, F, G, and H is caused to flow
out, and a connection flow line 309c for the closed circuit
connected to the flow line 216 forming the closed circuit
C. Moreover, the coupling flow line 304 is composed of
connection flow lines 305d, 306d, 307d, and 308d for the
open circuit connected to the delivery side, which is the
side to which the hydraulic operating fluid of at least one
selector valve 44d, 46d, 48d, or 50d in the plurality of
open circuits E, F, G, and H is caused to flow out, and a
connection flow line 309d connected to the flow line 220.
[0058] The hydraulic drive system 107 is formed of the
closed circuits A, B, C, and D in which the closed-circuit
pumps 12, 14, 16, and 18 and the boom cylinder 1, the
arm cylinder 3, the bucket cylinder 5, and the swing motor
7 are connected in a closed circuit manner from one
input/output port of the hydraulic pump to the other in-
put/output port of the hydraulic pump through the actua-
tor. Moreover, the hydraulic drive system 107 is formed of
the open circuits E, F, G, and H in which the open-circuit
pumps 13, 15, 17, and 19 and the selector valves 44a,
44b, 44c, 44d, 46a, 46b, 46¢c, 46d, 48a, 48b, 48c, 48d,
50a, 50b, 50c, and 50d are connected in such a manner
that the selector valve is connected to one input/output
port of the hydraulic pump and the hydraulic operating
fluid tank 25 is connected to the other input/output port of
the hydraulic pump. In addition, the closed circuits A, B,
C, and D and the open circuits E, F, G, and H are each
disposed as, for example, four circuits and are disposed
to make pairs.

[0059] Meanwhile, the delivery port of a charge pump
11 is connected to a charge relief valve 20 and charge
check valves 26, 27, 28, 29, 40a, 40b, 41a, 41b, 42a, and
42b through the flow line 229. The suction port of the
charge pump 11 is connected to the hydraulic operating
fluid tank 25. Here, the charge relief valve 20 regulates
the charge pressure of the charge check valves 26, 27,
28, 29, 40a, 40b, 41a, 41b, 42a, and 42b.

[0060] Furthermore, the charge check valve 26 sup-
plies the hydraulic operating fluid from the charge pump
11 to the flow lines 200 and 201 when the hydraulic
operating fluid pressure in the flow lines 200 and 201
is lower than a pressure set by the charge relief valve 20.
Similarly, the charge check valve 27 supplies the hydrau-
lic operating fluid from the charge pump 11 to the flow
lines 203 and 204 when the hydraulic operating fluid
pressure in the flow lines 203 and 204 is lower than a
pressure set by the charge relief valve 20. Moreover, the
charge check valve 28 supplies the hydraulic operating
fluid from the charge pump 11 to the flow lines 206 and
207 when the hydraulic operating fluid pressure in the
flow lines 206 and 207 is lower than a pressure set by the
charge relief valve 20. Similarly, the charge check valve
29 supplies the hydraulic operating fluid from the charge
pump 11 to the flow lines 209 and 210 when the hydraulic
operating fluid pressure in the flow lines 209 and 210 is
lower than a pressure set by the charge relief valve 20.
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[0061] Moreover, the charge check valves 40aand 40b
supply the hydraulic operating fluid from the charge pump
11 to the flow lines 212 and 213 when the hydraulic
operating fluid pressure in the flow lines 212 and 213
is lower than a pressure set by the charge relief valve 20.
Similarly, the charge check valves 41a and 41b supply
the hydraulic operating fluid from the charge pump 11 to
the flow lines 214 and 215 when the hydraulic operating
fluid pressure in the flow lines 214 and 215 is lower than a
pressure set by the charge relief valve 20. Furthermore,
the charge check valves 42a and 42b supply the hydrau-
lic operating fluid from the charge pump 11 to the flow
lines 216 and 217 when the hydraulic operating fluid
pressure in the flow lines 216 and 217 is lower than a
pressure set by the charge relief valve 20.

[0062] In addition, a pair of relief valves 30a and 30b
are connected between the flow lines 200 and 201. When
the hydraulic operating fluid pressure in the flow lines 200
and 201 has become equal to or higher than a predeter-
mined pressure, the relief valves 30a and 30b cause the
hydraulic operating fluid in the flow lines 200 and 201 to
escape to the hydraulic operating fluid tank 25 through
the charge relief valve 20 and protect the flow lines 200
and 201. Similarly, a pair of relief valves 31aand 31b are
connected between the flow lines 203 and 204. When the
hydraulic operating fluid pressure in the flow lines 203
and 204 has become equal to or higher than a predeter-
mined pressure, the relief valves 31a and 31b cause the
hydraulic operating fluid in the flow lines 203 and 204 to
escape to the hydraulic operating fluid tank 25 through
the charge relief valve 20 and protect the flow lines 203
and 204.

[0063] Moreover, relief valves 32a and 32b are also
connected between the flow lines 206 and 207. When the
hydraulic operating fluid pressure in the flow lines 206
and 207 has become equal to or higher than a predeter-
mined pressure, the relief valves 32a and 32b cause the
hydraulic operating fluid in the flow lines 206 and 207 to
escape to the hydraulic operating fluid tank 25 through
the charge relief valve 20 and protect the flow lines 206
and 207. Furthermore, relief valves 33a and 33b are also
connected between the flow lines 209 and 210. When the
hydraulic operating fluid pressure in the flow lines 209
and 210 has become equal to or higher than a predeter-
mined pressure, the relief valves 33a and 33b cause the
hydraulic operating fluid in the flow lines 209 and 210 to
escape to the hydraulic operating fluid tank 25 through
the charge relief valve 20 and protect the flow lines 209
and 210.

[0064] Next, the flow line 212 is connected to the cap
chamber 1a of the boom cylinder 1. The flow line 213 is
connected to the rod chamber 1b of the boom cylinder 1.
In addition, relief valves 37a and 37b are connected
between the flow lines 212 and 213. When the hydraulic
operating fluid pressure in the flow lines 212 and 213 has
become equal to or higher than a predetermined pres-
sure, the relief valves 37a and 37b cause the hydraulic
operating fluid in the flow lines 212 and 213 to escape to
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the hydraulic operating fluid tank 25 through the charge
relief valve 20 and protect the flow lines 212 and 213.
Moreover, a flushing valve 34 is connected between the
flow lines 212 and 213. The flushing valve 34 discharges
the hydraulic operating fluid as a surplus (surplus fluid) in
the flow lines 212 and 213 to the hydraulic operating fluid
tank 25 through the charge relief valve 20.

[0065] Furthermore, the flow line 214 is connected to
the cap chamber 3a of the arm cylinder 3. The flow line
215 is connected to the rod chamber 3b of the arm
cylinder 3. Moreover, relief valves 38a and 38b are con-
nected between the flow lines 214 and 215. When the
hydraulic operating fluid pressure in the flow lines 214
and 215 has become equal to or higher than a predeter-
mined pressure, the relief valves 38a and 38b cause the
hydraulic operating fluid in the flow lines 214 and 215 to
escape to the hydraulic operating fluid tank 25 through
the charge relief valve 20 and protect the flow lines 214
and 215. Furthermore, a flushing valve 35 is connected
between the flow lines 214 and 215. The flushing valve 35
discharges the hydraulic operating fluid as a surplus in
the flow lines 214 and 215 to the hydraulic operating fluid
tank 25 through the charge relief valve 20.

[0066] Furthermore, the flow line 216 is connected to
the cap chamber 5a of the bucket cylinder 5. The flow line
217 is connected to the rod chamber 5b of the bucket
cylinder 5. Moreover, relief valves 39a and 39b are con-
nected between the flow lines 216 and 217. When the
hydraulic operating fluid pressure in the flow lines 216
and 217 has become equal to or higher than a predeter-
mined pressure, the relief valves 39a and 39b cause the
hydraulic operating fluid in the flow lines 216 and 217 to
escape to the hydraulic operating fluid tank 25 through
the charge relief valve 20 and protect the flow lines 216
and 217. Furthermore, a flushing valve 36 is connected
between the flowlines 216 and 217. The flushing valve 36
discharges the hydraulic operating fluid as a surplus in
the flow lines 216 and 217 to the hydraulic operating fluid
tank 25 through the charge relief valve 20.

[0067] Moreover, the flow lines 218 and 219 are each
connected to the swing motor 7. Furthermore, relief
valves 51aand 51b are connected between the flow lines
218 and 219. When the pressure difference of the hy-
draulic operating fluid (flow line pressure difference)
between the flow lines 218 and 219 has become equal
to or higher than a predetermined pressure, the relief
valves 51a and 51b cause the hydraulic operating fluid in
the flow line 218 or 219 on the higher pressure side to
escape to the flow line 219 or 218 on the lower pressure
side and protect the flow lines 218 and 219.

[0068] Moreover, the proportional selector valve 54
and the travelling motor 8a are connected by flow lines
221 and 222. Relief valves 52a and 52b are connected
between the flow lines 221 and 222. When the pressure
difference of the hydraulic operating fluid between the
flow lines 221 and 222 has become equal to or higher
than a predetermined pressure, the relief valves 52a and
52b cause the hydraulic operating fluid in the flow line 221
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or 222 on the higher pressure side to escape to the flow
line 222 or 221 on the lower pressure side and protect the
flowlines 221 and 222. The proportional selector valve 54
is configured to switch the connection destination of the
flow line 220 and the hydraulic operating fluid tank 25 to
either the flow line 221 or the flow line 222 in response to
the operation signal output from the controller 57, and is
allowed to regulate the flow rate.

[0069] Furthermore, the proportional selector valve 55
and the travelling motor 8b are connected by flow lines
223 and 224. Relief valves 53a and 53b are connected
between the flow lines 223 and 224. When the pressure
difference of the hydraulic operating fluid between the
flow lines 223 and 224 has become equal to or higher
than a predetermined pressure, the relief valves 53a and
53b cause the hydraulic operating fluid in the flow line 223
or 224 on the higher pressure side to escape to the flow
line 224 or 223 on the lower pressure side and protect the
flowlines 223 and 224. The proportional selector valve 55
is configured to switch the connection destination of the
flow line 220 and the hydraulic operating fluid tank 25 to
either the flow line 223 or the flow line 224 in response to
the operation signal output from the controller 57, and is
allowed to regulate the flow rate.

[0070] A pressure sensor 80a connected to the flow
line 200 measures the pressure of the flow line 200 and
inputs the measurement result to the controller 57. The
pressure sensor 80a measures the pressure of the one
input/output port of the first closed-circuit pump 12 by
measuring the pressure of the flow line 200. A pressure
sensor 80b connected to the flow line 201 measures the
pressure of the flow line 201 and inputs the measurement
result to the controller 57. The pressure sensor 80b
measures the pressure of the other input/output port of
the first closed-circuit pump 12 by measuring the pres-
sure of the flow line 201. A pressure sensor 81 connected
to the flow line 202 measures the pressure of the flow line
202 and inputs the measurement result to the controller
57. The pressure sensor 81 measures the pressure of the
delivery port of the first open-circuit pump 13 by measur-
ing the pressure of the flow line 202.

[0071] A pressure sensor 82a connected to the flow
line 203 measures the pressure of the flow line 203 and
inputs the measurement result to the controller 57. The
pressure sensor 82a measures the pressure of the one
input/output port of the second closed-circuit pump 14 by
measuring the pressure of the flow line 203. A pressure
sensor 82b connected to the flow line 204 measures the
pressure of the flow line 204 and inputs the measurement
result to the controller 57. The pressure sensor 82b
measures the pressure of the other input/output port of
the second closed-circuit pump 14 by measuring the
pressure of the flow line 204. A pressure sensor 83
connected to the flow line 205 measures the pressure
of the flow line 205 and inputs the measurement result to
the controller 57. The pressure sensor 83 measures the
pressure of the delivery port of the second open-circuit
pump 15 by measuring the pressure of the flow line 205.
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[0072] A pressure sensor 84a connected to the flow
line 206 measures the pressure of the flow line 206 and
inputs the measurement result to the controller 57. The
pressure sensor 84a measures the pressure of the one
input/output port of the third closed-circuit pump 16 by
measuring the pressure of the flow line 206. A pressure
sensor 84b connected to the flow line 207 measures the
pressure of the flow line 207 and inputs the measurement
result to the controller 57. The pressure sensor 84b
measures the pressure of the other input/output port of
the third closed-circuit pump 16 by measuring the pres-
sure of the flow line 207. A pressure sensor 85 connected
to the flow line 208 measures the pressure of the flow line
208 and inputs the measurement result to the controller
57. The pressure sensor 85 measures the pressure of the
delivery port of the third open-circuit pump 17 by measur-
ing the pressure of the flow line 208.

[0073] A pressure sensor 86a connected to the flow
line 209 measures the pressure of the flow line 209 and
inputs the measurement result to the controller 57. The
pressure sensor 86a measures the pressure of the one
input/output port of the fourth closed-circuit pump 18 by
measuring the pressure of the flow line 209. A pressure
sensor 86b connected to the flow line 210 measures the
pressure of the flow line 210 and inputs the measurement
result to the controller 57. The pressure sensor 86b
measures the pressure of the other input/output port of
the fourth closed-circuit pump 18 by measuring the pres-
sure of the flow line 210. A pressure sensor 87 connected
to the flow line 211 measures the pressure of the flow line
211 and inputs the measurement result to the controller
57.The pressure sensor 87 measures the pressure of the
delivery port of the fourth open-circuit pump 19 by mea-
suring the pressure of the flow line 211.

[0074] A pressure sensor 70a connected to the flow
line 212 measures the pressure of the flow line 212 and
inputs the measurement result to the controller 57. The
pressure sensor 70a measures the pressure of the cap
chamber 1a of the boom cylinder 1 by measuring the
pressure of the flow line 212. A pressure sensor 70b
connected to the flow line 213 measures the pressure
of the flow line 213 and inputs the measurement result to
the controller 57. The pressure sensor 70b measures the
pressure of the rod chamber 1b of the boom cylinder 1 by
measuring the pressure of the flow line 213.

[0075] A pressure sensor 71a connected to the flow
line 214 measures the pressure of the flow line 214 and
inputs the measurement result to the controller 57. The
pressure sensor 71a measures the pressure of the cap
chamber 3a of the arm cylinder 3 by measuring the
pressure of the flow line 214. A pressure sensor 71b
connected to the flow line 215 measures the pressure
of the flow line 215 and inputs the measurement result to
the controller 57. The pressure sensor 71b measures the
pressure of the rod chamber 3b of the arm cylinder 3 by
measuring the pressure of the flow line 215.

[0076] A pressure sensor 72a connected to the flow
line 216 measures the pressure of the flow line 216 and
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inputs the measurement result to the controller 57. The
pressure sensor 72a measures the pressure of the cap
chamber 5a of the bucket cylinder 5 by measuring the
pressure of the flow line 216. A pressure sensor 72b
connected to the flow line 217 measures the pressure
of the flow line 217 and inputs the measurement result to
the controller 57. The pressure sensor 72b measures the
pressure of the rod chamber 5b of the bucket cylinder 5 by
measuring the pressure of the flow line 217.

[0077] A pressure sensor 73a connected to the flow
line 218 measures the pressure of the flow line 218 and
inputs the measurement result to the controller 57. The
pressure sensor 73a measures the pressure of one in-
put/output port of the swing motor 7 by measuring the
pressure of the flow line 218. A pressure sensor 73b
connected to the flow line 219 measures the pressure
of the flow line 219 and inputs the measurement result to
the controller 57. The pressure sensor 73b measures the
pressure of the other input/output port of the swing motor
7 by measuring the pressure of the flow line 219.
[0078] The controller 57 controls the respective regu-
lators 12a, 13a, -+, 19a, the selector valves 43a, 44a, -,
50a, 43b, 44b, -+, 50b, 43c, 44c, ‘-, 50c, 43d, 44d, -,
50d, and the proportional selector valves 54 and 55 on
the basis of command values of the extension/contrac-
tion direction and the extension/contraction speed of the
boom cylinder 1, the arm cylinder 3, and the bucket
cylinder 5 from the operation device 56, command values
of the rotation direction and the rotation speed of the
swing motor 7 and the travelling motors 8a and 8b, and
various pieces of sensor information in the hydraulicdrive
system 107.

[0079] Specifically, for example, the controller 57 exe-
cutes pressure receiving area control to control a first flow
rate, which is the flow rate of the first closed-circuit pump
12 on the side of the flow line 212 connected to the cap
chamber 1a and the rod chamber 1b of the boom cylinder
1, and a second flow rate, which is the flow rate of the first
open-circuit pump 13 connected to the coupling flow line
301 through the selector valve 44a, in such a manner that
the ratio between the first flow rate and the second flow
rate becomes a predetermined value set in advance
according to the pressure receiving area of the cap
chamber 1a and the rod chamber 1b of the boom cylinder
1. Similarly, the controller 57 also executes the above-
described pressure receiving area control for the arm
cylinder 3 and the bucket cylinder 5.

[0080] Furthermore, when causing at least one of the
boom cylinder 1, the arm cylinder 3, and the bucket
cylinder 5 to act, the controller 57 controls the selector
valves 43ato 50a, 43b to 50b, 43c to 50c, and 43d to 50d
as appropriate to supply the hydraulic operating fluid
delivered from the same number of open-circuit pumps
13, 15, 17, and 19 as the corresponding closed-circuit
pumps 12, 14, 16 and 18 to at least one of the boom
cylinder 1, the arm cylinder 3, and the bucket cylinder 5
caused to act.

[0081] Moreover, the boom lever 56a of the operation
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device 56 gives a command value of the extension/con-
traction direction and the extension/contraction speed of
the boom cylinder 1 to the controller 57. The arm lever
56b gives a command value of the extension/contraction
direction and the extension/contraction speed of the arm
cylinder 3 to the controller 57. The bucket lever 56¢ gives
a command value of the extension/contraction direction
and the extension/contraction speed of the bucket cylin-
der 5 to the controller 57. Furthermore, the swing lever
56d gives a command value of the rotation direction and
the rotation speed of the swing motor 7 to the controller
57. Note that the operation device 56 has a configuration
also including an operation lever (not illustrated) that
gives a command value of the rotation direction and
the rotation speed of the travelling motors 8a and 8b to
the controller 57. In addition, a display device 58 for
presenting the state of the machine body to an operator
is connected to the controller 57.

[0082] FIG. 3 is a functional block diagram of the con-
troller 57. The controller 57 is composed of a lever
operation amount computation section 57a, a pressure
computation section 57b, an actuator-allocated flow rate
computation section 57c, a pressure sensor failure sen-
sing section 57d, and a pseudo-pressure computation
section 57e.

[0083] The lever operation amount computation sec-
tion 57a calculates the action direction and an action
speed target of each actuator in response to a leverinput
by an operator, and inputs them to the actuator-allocated
flow rate computation section 57c.

[0084] The pressure computation section 57b calcu-
lates the pressure of the respective portions from mea-
surement values of the pressure sensors 70a to 73b and
80 to 87 disposed at the respective portions, and inputs
the calculated pressure to the actuator-allocated flow
rate computation section 57c and the display device 58.
[0085] The pressure sensor failure sensing section
57d senses a failure of the pressure sensor in accor-
dance with a flowchart illustrated in FIG. 5 from the
measurement values of the pressure sensors 70a to
73b and 80 to 87 and the connection state of the pressure
sensors decided from command values to the selector
valves 43a to 49d, and inputs the sensing result to the
actuator-allocated flow rate computation section 57c and
the display device 58.

[0086] The pseudo-pressure computation section 57e
calculates pseudo-pressure of the actuators 1, 3, and 5
on the basis of measurement values of the posture
sensors 400 to 403, and inputs the calculated pseudo-
pressure to the actuator-allocated flow rate computation
section 57c and the display device 58.

[0087] Innormaltimes, the actuator-allocated flow rate
computation section 57c¢ calculates the command values
to the selector valves 43a to 50d, the proportional valves
64 to 67, and the regulators 12a to 19a on the basis of
inputs from the lever operation amount computation sec-
tion 57a and the pressure computation section 57b. On
the other hand, when a failure of the pressure sensor has



23 EP 4 509 725 A1 24

been sensed by the pressure sensor failure sensing
section 57d, the actuator-allocated flow rate computation
section 57c calculates the command values to the se-
lector valves 43a to 50d, the proportional valves 64 to 67,
and the regulators 12a to 19a on the basis of inputs from
the pseudo-pressure computation section 57e and the
lever operation amount computation section 57a.
[0088] The display device 58 displays the measure-
ment value of each pressure sensor input from the pres-
sure computation section 57b, the failure state of each
pressure sensor input from the pressure sensor failure
sensing section 57d, and the pseudo-pressure input from
the pseudo-pressure computation section 57e.

[0089] A pressure sensor failure diagnosis input gen-
eration device 59 connected to the controller 57 is a
device for improving the accuracy of failure sensing by
the pressure sensor failure sensing section 57d. The
pressure sensor failure diagnosis input generation de-
vice 59 outputs, to the lever operation amount computa-
tion section 57a, a lever operation signal for causing the
hydraulic excavator 100 to take a predetermined posture
suitable for diagnosis of the pressure sensor (diagnosis
posture) on the basis of the measurement values of the
posture sensors 400 to 403, and outputs an opening
command to the selector valves 43a to 50d in the state
in which the hydraulic excavator 100 stands still with the
diagnosis posture. In the present embodiment, the pres-
sure sensor failure diagnosis input generation device 59
is configured with a device independent of the controller
57. However, it may be configured as part of functions of
the controller 57. Details of the pressure sensor failure
diagnosis input generation device 59 will be described
later.

[0090] Next, operation of the hydraulic drive system
107 illustrated in FIG. 2 will be described.

(1) When Operation Is Not Executed

[0091] In FIG. 2, when the levers 56a to 56d are not
operated, the hydraulic pumps 12 to 19 are controlled to
the minimum tilting angle and the selector valves 43a to
50d are all closed, and the boom cylinder 1, the arm
cylinder 3, the bucket cylinder 5, and the swing motor 7
are kept at the stopped state.

(2) In Boom Raising Operation

[0092] FIG. 4 illustrates state change of the hydraulic
drive system 107 when extension action of the boom
cylinder 1 is caused. FIG. 4 indicates measurement
values of the pressure sensors 70a, 80a, 82a, 84a,
and 86a in a case in which the pressure sensor 70a is
normal and in a case in which the pressure sensor 70a
involves a failure and the measurement value thereof
drifts toward the positive side.

[0093] From a clock time t0 to a clock time t1, the input
ofthe boom lever 56ais 0, and the boom cylinder 1 stands
still.
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[0094] From the clock time t1 to a clock time t5, a
command value to extend the boom cylinder 1 is raised
to the maximum value as the input of the boom lever 56a.
In response to the rise in the input of the boom lever 56a,
the number of connected pumps increases. The timing
whenthe selectorvalve 43a,45a,47a, or49a opensisthe
timing when the closed-circuit pump 12, 14, 16, or 18 is
connected to the boom cylinder 1.

[0095] The boom lever 56ais input at the clock time t1.
At this time, the selector valve 43a opens after the de-
livery pressure of the first closed-circuit pump 12 is raised
to the pressure of the cap chamber 1a of the boom
cylinder 1 before the first closed-circuit pump 12 is con-
nected to the boom cylinder 1. The pressure raising
operation is executed on the basis of values measured
by the pressure sensors 70a and 80a, and the selector
valve 43a is opened after the difference between the
measurement value of the pressure sensor 80a and
the measurement value of the pressure sensor 70a
has become equal to or smaller than a threshold (first
threshold).

[0096] When the pressure sensor 70a is normal, the
delivery pressure of the first closed-circuit pump 12 mea-
sured by the pressure sensor 80a has been sufficiently
raised, by the pressure raising processing, immediately
before the opening of the selector valve 43a. When the
delivery flow rate of the first closed-circuit pump 12 has
increased from the clock time t1 to the clock time t2, the
measurement value of the pressure sensor 80a becomes
larger than the measurement value of the pressure sen-
sor 70a by the amount of pressure loss caused when the
hydraulic operating fluid passes through the line and the
selector valve 43a.

[0097] When the pressure sensor 70a involves a fail-
ure and the measurement value thereof drifts toward the
positive side, due to the pressure raising processing, the
delivery pressure of the first closed-circuit pump 12 mea-
sured by the pressure sensor 80a becomes higher than
the pressure of the cap chamber 1a of the boom cylinder 1
immediately before the opening of the selector valve 43a.
Due to this, shock occurs when the selector valve 43a is
opened.

[0098] Evenina period from the clock timet2to a clock
time t3, the selector valve 45a is opened after the pres-
sure of the second closed-circuit pump 14 is raised.
However, where the pressure sensor 70a involves a
failure, shock occurs when each selector valve is opened
due to excessive pressure raising. Because three or
more pressure sensors are connected to the same line
by the clock time t3 is reached, a failure of the pressure
sensor 70a is sensed by processing by the pressure
sensor failure sensing section 57d to be described later.
[0099] In a period from the clock time t3 to the clock
time t5, the failure of the pressure sensor 70a has been
sensed, and thus the differential pressures across the
selector valves 47a and 49a are calculated by using the
pseudo-pressure calculated by the pseudo-pressure
computation section 57e instead of the measurement
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value of the pressure sensor 70a. By using the pseudo-
pressure instead of the measurement value of the pres-
sure sensor 70a involving the failure, the pressure of the
closed-circuit pumps 16 and 18 can be prevented from
being excessively raised. Therefore, shock when the
selector valve 47a or 49a is opened can be suppressed.
[0100] FIG. 5 is a flowchart illustrating part of the
processing executed by the pressure sensor failure sen-
sing section 57d. In FIG. 5, only processing of sensing a
failure of the pressure sensor 70a of the boom cylinder 1
is illustrated. The failure sensing for the pressure sensor
70a of the boom cylinder 1 is executed by comparing the
measurement value of the pressure sensor 70a with the
measurement values of the pressure sensors 80a, 82a,
84a, and 86a of the closed-circuit pumps 12, 14, 16, and
18 connected to the boom cylinder 1 by the same line and
the pressure sensors 81, 83, 85, and 87 of the open-
circuit pumps 13, 15, 17, and 19. Note that, in FIG. 5,
processing of comparison with the measurement values
of the pressure sensors 81, 83, 85, and 87 of the open-
circuit pumps 13, 15, 17, and 19 is omitted. The respec-
tive steps in FIG. 5 will be sequentially described below.
[0101] First, the pressure sensor failure sensing sec-
tion 57d determines whether the boom cylinder 1 and the
closed-circuit pump 12 are connected or not (step S11).
When a determination of YES is made in the step S11, a
transition to a step S21 to be described later is made.
When a determination of YES is made in the step S11, the
absolute value of the difference in the measurement
value (differential pressure) between the pressure sen-
sors 70a and 80a is calculated (step S12). Subsequently
to the step S12, whether the differential pressure is lower
than a predetermined threshold Plim is determined (step
S13). Here, the threshold Plim is a value settled in ad-
vance in consideration of the measurement error of the
pressure sensor and the flow rate pressure loss char-
acteristics. Furthermore, although a constant value is
employed as the threshold Plim in the present embodi-
ment, a value that changes depending on the pump
delivery flow rate may be employed. When a determina-
tion of NO is made in the step S13, a transition to the step
S21 to be described later is made. When a determination
of NOismadeinthe step S13, 1isadded to afailure flag of
the pressure sensor 70a (step S14).

[0102] Subsequently to the step S14, whether the
boom cylinder 1 and the closed-circuit pump 14 are
connected or not is determined (step S21). When a
determination of YES is made in the step S21, the abso-
lute value of the difference in the measurement value
(differential pressure) between the pressure sensors 70a
and 82a is calculated (step S22). Subsequently to the
step S22, whether the differential pressure is lower than
the threshold Plim is determined (step S23). When a
determination of NO is made in the step S23, a transition
to a step S31 to be described later is made. When a
determination of NO is made inthe step S23, 1isadded to
the failure flag of the pressure sensor 70a (step S24).
[0103] Subsequently to the step S24, whether the
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boom cylinder 1 and the closed-circuit pump 16 are
connected or not is determined (step S31). When a
determination of YES is made in the step S31, the abso-
lute value of the difference in the measurement value
(differential pressure) between the pressure sensors 70a
and 84a is calculated (step S32). Subsequently to the
step S32, whether the differential pressure is lower than
the threshold Plim is determined (step S33). When a
determination of NO is made in the step S33, a transition
to a step S41 to be described later is made. When a
determination of NO is made inthe step S33, 1is added to
the failure flag of the pressure sensor 70a (step S34).
[0104] Subsequently to the step S34, whether the
boom cylinder 1 and the closed-circuit pump 18 are
connected or not is determined (step S41). When a
determination of YES is made in the step S41, the abso-
lute value of the difference in the measurement value
(differential pressure) between the pressure sensors 70a
and 86a is calculated (step S42). Subsequently to the
step S42, whether the differential pressure is lower than
the threshold Plim is determined (step S43). When a
determination of NO is made in the step S43, a transition
to a step S51 to be described later is made. When a
determination of NO is madeinthe step S43, 1is added to
the failure flag of the pressure sensor 70a (step S44).
[0105] Subsequently to the step S44, whether the fail-
ure flag is larger than 1 is determined (step S51). When a
determination of NO is made in the step S51, this flow is
ended. When a determination of YES is made in the step
S51, it is determined that the pressure sensor 70a in-
volves a failure (step S52), and this flow is ended.
[0106] Although the processing relating to the failure
sensing for the pressure sensor 70a has been described
above, the pressure sensor failure sensing section 57d
can also sense a failure of the other actuator pressure
sensors 70b, 71a, 71b, 72a, 72b, 73a, and 73b and the
pump pressure sensors 80a, 80b, 81, 82a, 82b, 83, 84a,
84b, 85, 86a, 86b, and 87 by comparing the measure-
ment values regarding each combination of two pressure
sensors included in three or more pressure sensors that
are sensing the pressure of a line in a communicating
state.

[0107] With reference to FIG. 4, description will be
given about failure sensing operation when the pressure
sensor 70a that measures the cap chamber pressure of
the boom cylinder 1 is normal and when the pressure
sensor 70a involves a failure.

<When Pressure Sensor 70a Is Normal>

[0108] Inthe state of the selector valves 43a, 45a, 473,
and 49a being open from the clock time t1 to the clock
time t5, whether the boom cylinder 1 and the closed-
circuit pump 12, 14, 16, or 18 are connected or not is
determined in the steps S11, S21, S31, and S41. When
they are connected, the differential pressure between the
pressure of the boom cylinder 1 and the pressure of the
pump 12,14, 16, or 18is calculated in S12, S22, S32, and
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S42. At this time, the pressure sensor 70a is normal and
the differential pressure from the pump pressure is lower
than the threshold Plim. Thus, the failure flag of the
pressure sensor 70ais not counted up. Thatis, the failure
flag is zero. Therefore, it is not determined that the
pressure sensor 70a involves a failure in the step S51.

<When Pressure Sensor 70a Involves Failure>

[0109] Inthe state of the selector valves 43a, 45a, 47a,
and 49a being open from the clock time t1 to the clock
time t5, whether the boom cylinder 1 and the closed-
circuit pump 12, 14, 16, or 18 are connected or not is
determined in the steps S11, S21, S31, and S41. When
they are connected, the differential pressure between the
pressure of the boom cylinder 1 and the pressure of the
pump 12, 14,16, or 18 is calculated in the steps S12, S22,
S32, and S42. At this time, the pressure sensor 70a
involves a failure and the differential pressure from the
pump pressure is higher than the threshold Plim. Thus,
the failure flag of the pressure sensor 70a is counted up in
the steps S14, S24, S34, and S44. After the clock time 2,
in the situation in which two or more pumps are con-
nected to the boom cylinder 1, the failure flag of the
pressure sensor 70a becomes larger than 1, and thus
it is determined that the pressure sensor 70a involves a
failure in the step S51.

[0110] Next, processing by the pseudo-pressure com-
putation section 57e illustratedin FIG. 3 will be described.
The pseudo-pressure computation section 57e decides
pseudo-pressure of the actuators 1, 3, and 5 thatdrive the
work device 106, on the basis of the posture of the
hydraulic excavator 100. The method of deciding the
pseudo-pressure will be described below by taking the
arm cylinder 3 as an example.

[0111] FIG. 6 illustrates posture change of the hydrau-
lic excavator 100 when extension action of the arm
cylinder 3 is caused. FIG. 7 illustrates the relationship
between the stroke of the arm cylinder 3 and the pressure
of the cap chamber 3a of the arm cylinder 3. With pos-
tures (a) to (b) in FIG. 6, the pressure of the cap chamber
3aofthe armcylinder 3 is constantasillustrated in FIG. 7.
This is because, due to action of a force, which supports
the arm 4 and the bucket 6 against the gravity, on the rod
chamber 3b of the arm cylinder 3, the pressure of the rod
chamber 3b becomes higher than the pressure of the cap
chamber 3a, and the cap chamber 3a on the lower
pressure side is kept at a charge pressure by the flushing
valve 34. Therefore, it is sufficient to set the pseudo-
pressure of the cap chamber 3a of the arm cylinder 3 to
the charge pressure in the stroke range of postures (a) to
(b).

[0112] With postures (b)to (c)in FIG. 6, the pressure of
the cap chamber 3a of the arm cylinder 3 increases
depending on the stroke as illustrated in FIG. 7. This is
because the force necessary to supportthe arm4 and the
bucket 6 against the gravity is produced. At this time, the
pressure differs depending on whether the inside of the
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bucket 6 is empty oris loaded in a full state. In view of this
characteristic, the pseudo-pressure is set to become a
larger value than the pressure in the empty state (no-load
state) with respect to the cylinder stroke in such a manner
that the difference between the pseudo-pressure and the
actual pressure may become small even in the loaded
state. Note that, although description has been given
about the case in which the posture of the boom cylinder
1, the bucket cylinder 5, and the upper swing structure
103 is constant posture as illustrated in FIG. 6 in the
present embodiment, a table of the pseudo-pressure is
also included regarding the case in which the posture of
the actuators other than the arm cylinder 3 and the upper
swing structure 103 is varied.

[0113] Due to providing the controller 57 with the func-
tions illustrated in FIG. 3, even when the actuator pres-
sure sensor 70a to 73b involves a failure, the hydraulic
excavator 100 can be operated without significantly low-
ering the operability by calculating the differential pres-
sures across the selector valves 43a to 50d by using the
pseudo-pressure. Furthermore, information displayed by
the display device 58 makes the operator recognize the
failure state of the pressure sensors and prompts the
operator to execute early repair of the pressure sensor.
[0114] The pressure sensor failure diagnosis input
generation device 59 illustrated in FIG. 3 causes the
hydraulic excavator 100 to take predetermined diagnosis
postures (for example, posture with which the pressure of
the cap chamber 3a of the arm cylinder 3 becomes low
like thatin FIG. 6(a) and posture with which the pressure
ofthe cap chamber 3a of the arm cylinder 3 becomes high
like that in FIG. 6(c)). This enables comparison between
the outputs of the normal pressure sensor and the pres-
sure sensor involving a failure at various pressure levels,
and improvement of the probability of the failure sensing.
Moreover, differently from the case of sensing during
operation, the accuracy of the failure sensing can be
improved by comparing the outputs of the pressure sen-
sors in the state in which the hydraulic excavator 100
stands still with the diagnosis posture, that is, in the state
in which the influence of the flow rate pressure loss
characteristics is eliminated and the pressure on the line
is made even. Note that the pressure sensor failure
diagnosis input generation device 59 may be configured
as part of the functions of the controller 57 although being
configured as a device independent of the controller 57 in
the present embodiment.

[0115] FIG. 8is aflowchart illustrating processing exe-
cuted by the pressure sensor failure diagnosis input
generation device 59. The processing of this flow is
executed in the state in which the hydraulic excavator
100 is set on a horizontal ground surface. The respective
steps will be sequentially described below.

[0116] First, the pressure sensor failure diagnosis input
generation device 59 calculates the stroke (sensing
stroke) of the boom cylinder 1 from the measurement
values of the posture sensors 400 to 403, and determines
whether the sensing stroke corresponds with the stroke
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(diagnosis stroke) of the boom cylinder 1 with the diag-
nosis posture (step S101). When adetermination of NO is
made in the step S101, the input of the boom lever 56ais
adjusted to decrease the difference between the sensing
stroke and the diagnosis stroke (step S102), and the
processing returns to the step S101. Here, the input of
the boom lever 56a is adjusted to, for example, a value
obtained by multiplying the difference between the diag-
nosis stroke and the sensing stroke by a predetermined
gain. Furthermore, the predetermined gain is set to such
a small value that two or more closed-circuit pumps are
not connected to the boom cylinder 1. This enables the
posture of the boom 2 to be gently changed toward the
diagnosis posture.

[0117] When a determination of YES is made in the
step S101, the stroke (sensing stroke) of the arm cylinder
3 is calculated from the measurement values of the
posture sensors 400 to 403, and it is determined whether
the sensing stroke corresponds with the stroke (diagno-
sis stroke) of the arm cylinder 3 with the diagnosis posture
(step S103). When a determination of NO is made in the
step S103, the input of the arm lever 56b is adjusted to
decrease the difference between the sensing stroke and
the diagnosis stroke (step S104), and the processing
returns to the step S103. Here, the input of the arm lever
56b is adjusted to, for example, a value obtained by
multiplying the difference between the diagnosis stroke
and the sensing stroke by a predetermined gain. More-
over, the predetermined gain is set to such a small value
that two or more closed-circuit pumps are not connected
to the arm cylinder 3. This enables the posture of the arm
4 to be gently changed toward the diagnosis posture.
[0118] When a determination of YES is made in the
step S103, the stroke (sensing stroke) of the bucket
cylinder 5 is calculated from the measurement values
of the posture sensors 400 to 403, and it is determined
whether the sensing stroke corresponds with the stroke
(diagnosis stroke) of the bucket cylinder 5 with the diag-
nosis posture (step S105). When adetermination of NO is
made in the step S105, the input of the bucket lever 56¢ is
adjusted to decrease the difference between the sensing
stroke and the diagnosis stroke (step S106), and the
processing returns to the step S105. Here, the input of
the bucket lever 56¢ is adjusted to, for example, a value
obtained by multiplying the difference between the diag-
nosis stroke and the sensing stroke by a predetermined
gain. Furthermore, the predetermined gain is set to such
a small value that two or more closed-circuit pumps are
not connected to the bucket cylinder 5. This enables the
posture of the bucket 6 to be gently changed toward the
diagnosis posture.

[0119] When a determination of YES is made in the
step S105, the opening command is output to the selector
valves 43a, 44a, 45a, 463, 47a, 48a, 49a, and 50a (step
S107). This causes execution of failure diagnosis pro-
cessing by the pressure sensor failure sensing section
57d in the state in which the hydraulic excavator 100
stands still with the diagnosis posture and the closed-
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circuit pumps 12, 14, 16, and 18 are connected to the
boom cylinder 1 (step S108).

[0120] Subsequently to the step S108, a closing com-
mand is output to the selector valves 43a, 44a, 45a, 46a,
47a, 48a, 49a, and 50a (step S109), and the opening
command is output to the selector valves 43b, 44b, 45b,
46b, 47b, 48b, 49b, and 50b (step S110). This causes
execution of the failure diagnosis processing by the
pressure sensor failure sensing section 57d in the state
in which the hydraulic excavator 100 stands still with the
diagnosis posture and the closed-circuit pumps 12, 14,
16, and 18 are connected to the arm cylinder 3 (step
S111).

[0121] Subsequently to the step S111, the closing
command is output to the selector valves 43b, 44b,
45b, 46b, 47b, 48b, 49b, and 50b (step S112), and the
opening command is output to the selector valves 43c,
44c, 45c, 46¢, 47c¢, 48c, 49c, and 50c (step S113). This
causes execution of the failure diagnosis processing by
the pressure sensor failure sensing section 57d in the
state in which the hydraulic excavator 100 stands still with
the diagnosis posture and the closed-circuit pumps 12,
14, 16, and 18 are connected to the bucket cylinder 5
(step S114).

[0122] Subsequently to the step S114, the closing
command is output to the selector valves 43c, 44c,
45c, 46¢, 47c, 48c, 49c, and 50c (step S115), and the
opening command is output to the selector valves 43d,
44d, 45d, 46d, 47d, 48d, 49d, and 50d (step S116). This
causes execution of the failure diagnosis processing by
the pressure sensor failure sensing section 57d in the
state in which the hydraulic excavator 100 stands still with
the diagnosis posture and the closed-circuit pumps 12,
14, 16, and 18 are connected to the swing motor 7 (step
S117).

[0123] Subsequently to the step S117, the closing
command is output to the selector valves 43d, 44d,
45d, 46d, 47d, 48d, 49d, and 50d (step S118), and this
flow is ended.

[0124] In FIG. 9, state change of the hydraulic drive
system 107 depending on the input of the pressure
sensor failure diagnosis input generation device 59 is
illustrated. In FIG. 9, only operation at the time of failure
diagnosis for the pressure sensor 70a on the cap side of
the boom cylinder 1 is illustrated. Furthermore, it is as-
sumed thatthe arm 4 and the bucket 6 have already taken
the diagnosis posture.

[0125] From a clock time t10 to a clock time t11, the
pressure sensor failure diagnosis input generation de-
vice 59 is not activated, and the input of the boom lever
56a is 0 and the boom cylinder 1 stands still.

[0126] The pressure sensor failure diagnosis input
generation device 59 is activated at the clock time t11,
and the input of the boom lever 56a is adjusted until the
stroke of the boom cylinder 1 reaches the diagnosis
stroke at a clock time t12. The selector valve 43a opens
shortly after the start of the input of the boom lever 56a at
the clock time t11, and the closed-circuit pump 12 is
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connected to the boom cylinder 1. The input of the boom
lever 56a becomes smaller as the stroke of the boom
cylinder 1 becomes closer to the diagnosis stroke.
[0127] The selector valve 43a is closed when the
stroke of the boom cylinder 1 reaches the diagnosis
stroke at the clock time t12. In a period from the clock
time t12 to a clock time 13, the selector valves 43a, 45a,
47a, and 49a open.

[0128] Failure diagnosis for the pressure sensor 70a is
executed in a period fromthe clock time t13to a clock time
t14, and the selector valves 43a, 45a, 47a, and 49a are
closed in a period from the clock time t14 to a clock time
t15.

(Summarization)

[0129] In the present embodiment, a construction ma-
chine includes the work device 106, the actuators 1, 3,
and 5 that drive the work device 106, the plurality of
closed-circuit pumps 12, 14, 16, and 18 of the variable
displacement type having two flow-out/in ports, the plur-
ality of closed-circuit selector valves 43a to 43d, 45a to
45d, and 47a to 47d capable of switching between com-
munication and interruption between the actuators 1, 3,
and 5 and the plurality of closed-circuit pumps 12, 14, 16,
and 18, the posture sensors 400 to 403 that sense the
posture of the work device 106, the plurality of closed-
circuit pump pressure sensors 80a, 80b, 82a, 82b, 84a,
84b, 86a, and 86b that sense the pressure of the plurality
of closed-circuit pumps 12, 14, 16, and 18, the actuator
pressure sensors 70a, 70b, 71a, 71b, 72a, and 72b that
sense the pressure of the actuators 1, 3, and 5, the
operation device 56 that instructs the actuators 1, 3,
and 5 to act, and the controller 57 that controls the
plurality of closed-circuit selector valves 43a to 43d,
45a to 45d, and 47a to 47d and the plurality of closed-
circuit pumps 12, 14, 16, and 18 in response to an input
signal from the operation device 56. In addition, when
supply of the hydraulic operating fluid from one closed-
circuit pump among the plurality of closed-circuit pumps
12,14, 16, and 18 to the actuator 1, 3, or 5 is started, the
controller 57 opens one closed-circuit selector valve
corresponding to the one closed-circuit pump among
the plurality of closed-circuit selector valves 43a to
43d, 45a to 45d, and 47a to 47d after controlling, in the
state in which the one closed-circuit selector valve is
closed, the one closed-circuit pump in such a manner
that the differential pressure across the closed-circuit
selector valve that is the difference between the mea-
surement value of one closed-circuit pump pressure
sensor corresponding to the one closed-circuit pump
and the measurement value of the actuator pressure
sensor 70a, 70b, 71a, 71b, 72a, or 72b becomes equal
to or lower than the predetermined first threshold. In the
construction machine, in the state in which two or more
closed-circuit pumps among the plurality of closed-circuit
pumps 12, 14, 16, and 18 are connected to the actuator 1,
3, or 5, the controller 57 determines whether a failure of
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the actuator pressure sensor 70a, 70b, 71a, 71b, 72a, or
72b exists on the basis of the measurement values of two
or more closed-circuit pump pressure sensors corre-
sponding to the two or more closed-circuit pumps among
the plurality of closed-circuit pump pressure sensors 80a,
80b, 82a, 82b, 84a, 84b, 86a, and 86b and the measure-
ment value of the actuator pressure sensor 70a, 70b,
71a, 71b, 72a, or 72b. When determining that the actua-
tor pressure sensor 70a, 70b, 71a, 71b, 72a, or 72b
involves a failure, the controller 57 calculates pseudo-
pressure of the actuator 1, 3, or 5 on the basis of the
measurement values of the posture sensors 400 to 403,
and calculates the differential pressure across the
closed-circuit selector valve by using the pseudo-pres-
sure instead of the measurement value of the actuator
pressure sensor 70a, 70b, 71a, 71b, 72a, or 72b.
[0130] According to the present embodiment config-
ured as above, it becomes possible to correctly deter-
mine a failure of the actuator pressure sensor 70a, 70b,
71a, 71b, 72a, 72b, 73a, or 73b on the basis of the result
of comparison between the measurement value of the
actuator pressure sensor 70a, 70b, 71a, 71b, 72a, 72b,
73a, or 73b and the measurement values of the two or
more closed-circuit pump pressure sensors. Further-
more, when the actuator pressure sensor 70a, 70b,
71a, 71b, 72a, or 72b involves a failure, the differential
pressure across the closed-circuit selector valve 43a to
43d, 45a to 45d, or 47a to 47d is calculated by using the
pseudo-pressure of the actuator 1, 3, or 5 calculated
according to the posture of the work device 106 instead
of the measurement value of the pressure sensor invol-
ving the failure. As a result, shock when the closed-circuit
pump 12,14, 16, or 18 is connected to the actuator 1, 3, or
5is suppressed. Thus, the lowering of the operability can
be prevented.

[0131] Moreover, the hydraulic excavator 100 in the
present embodiment includes the plurality of open-circuit
pumps 13, 15, 17, and 19 of the variable displacement
type having a flow-in port and a flow-out port, the plurality
of open-circuit selectorvalves 44ato 44d,46ato 46d, 48a
to 48d, and 50a to 50d capable of connecting the plurality
of open-circuit pumps 13, 15, 17, and 19 to the actuators
1, 3, and 5, and the plurality of open-circuit pump pres-
suresensors 81,83, 85, and 87 thatsense the pressure of
the plurality of open-circuit pumps 13, 15, 17, and 19.
When supply of the hydraulic operating fluid from one
open-circuit pump among the plurality of open-circuit
pumps 13, 15, 17, and 19 to the actuator 1, 3, or 5 is
started, the controller 57 opens one open-circuit selector
valve corresponding to the one open-circuit pump among
the plurality of open-circuit selector valves 44a to 44d,
46ato046d, 48ato048d, and 50a to 50d after controlling, in
the state in which the one open-circuit selector valve is
closed, the one open-circuit pump in such a manner that
the differential pressure across the open-circuit selector
valve that is the difference between the measurement
value of one open-circuit pump pressure sensor corre-
sponding to the one open-circuit pump and the measure-
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ment value of the actuator pressure sensor 70a, 70b,
71a, 71b, 72a, or 72b becomes equal to or lower than the
first threshold. In the state in which two or more open-
circuit pumps among the plurality of open-circuit pumps
13, 15,17, and 19 are connected to the actuator 1, 3, or 5,
the controller 57 determines whether a failure of the
actuator pressure sensor 70a, 70b, 71a, 71b, 72a, or
72b exists on the basis of the measurement values of two
or more open-circuit pump pressure sensors correspond-
ing to the two or more open-circuit pumps among the
plurality of open-circuit pump pressure sensors 81, 83,
85, and 87 and the measurement value of the actuator
pressure sensor 70a, 70b, 71a, 71b, 72a, or 72b. When
determining that the actuator pressure sensor 70a, 70b,
71a, 71b, 72a, or 72b involves a failure, the controller 57
calculates the differential pressure across the open-cir-
cuit selector valve by using the pseudo-pressure instead
of the measurement value of the actuator pressure sen-
sor 70a, 70b, 71a, 71b, 72a, or 72b. This enables correct
determination of a failure of the actuator pressure sensor
70a, 70b, 71a, 71b, 72a, 72b, 73a, or 73b on the basis of
the result of comparison between the measurement va-
lue of the actuator pressure sensor 70a, 70b, 71a, 71b,
72a,72b, 73a, or 73b and the measurement values of the
two or more open-circuit pump pressure Sensors.
Furthermore, when the actuator pressure sensor 70a,
70b, 71a, 71b, 72a, or 72b involves a failure, the differ-
ential pressure across the open-circuit selector valve 44a
to44d,46ato46d, or48ato48dis calculated by using the
pseudo-pressure of the actuator 1, 3, or 5 calculated
according to the posture of the work device 106 instead
of the measurement value of the pressure sensor invol-
ving the failure. As a result, shock when the open-circuit
pump 13, 15,17, or 19is connected to the actuator 1, 3, or
5is suppressed. Thus, the lowering of the operability can
be prevented.

[0132] Moreover, the controller 57 in the present em-
bodiment calculates the difference in the measurement
value regarding each combination of two pressure sen-
sors included in the actuator pressure sensors 70a to
72b, the two or more closed-circuit pump pressure sen-
sors, and the two or more open-circuit pump pressure
sensors in the state in which the two or more closed-
circuit pumps and the two or more open-circuit pumps are
connected to the actuator 1, 3, or 5, and determines that
the pressure sensor included in two or more combina-
tions in which the difference is larger than the predeter-
mined second threshold Plim involves a failure. This
enables sensing of a failure of the closed-circuit pump
pressure sensors 80a, 80b, 82a, 82b, 84a, 84b, 86a, and
86b and the open-circuit pump pressure sensors 81, 83,
85, and 87 in addition to the actuator pressure sensors
70a to 72b.

[0133] Furthermore, the hydraulic excavator 100 in the
present embodiment includes the display device 58 cap-
able of displaying information output from the controller
57. The controller 57 outputs, to the display device 58,
identification information of one pressure sensor in-
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cluded in the actuator pressure sensors 70a, 70b, 71a,
71b, 72a, and 72b, the two or more closed-circuit pump
pressure sensors, and the two or more open-circuit pump
pressure sensors when determining that the one pres-
sure sensor involves a failure. This enables the time,
which is taken until the pressure sensorinvolving afailure
is corrected or replaced, to be shortened.

[0134] Moreover, the controller 57 in the present em-
bodiment calculates the pseudo-pressure in such a man-
ner that the pseudo-pressure has a larger value than the
pressure of the actuator 1, 3, or 5 when the work device
106 takes posture sensed by the posture sensors 400 to
403 in a no-load state. This enables shock to be sup-
pressed when the selector valve 43a to 49d is opened
eveninacase in which the actuator pressure sensor 70a,
70b, 71a, 71b, 72a, 72b, 73a, or 73b involves a failure in
the state inwhich aload is applied to the work device 106.
[0135] Furthermore, the hydraulic excavator 100 in the
presentembodimentincludes the pressure sensor failure
diagnosis input generation device 59 capable of adjust-
ing input and output of the controller 57. The controller 57
keeps the state in which the plurality of closed-circuit
pumps 12, 14, 16, and 18 are connected to the actuator 1,
3, or 5 in the state in which the delivery flow rate of the
plurality of closed-circuit pumps 12, 14, 16, and 18 is set
to zero after controlling the plurality of closed-circuit
pumps 12, 14, 16, and 18 and the plurality of closed-
circuit selector valves to cause the work device 106 to
take the predetermined posture (diagnosis posture),
through adjustment of the input and the output by the
pressure sensor failure diagnosis input generation de-
vice 59. Due to this, the failure diagnosis processing for
the pressure sensor is executed in the state in which the
hydraulic excavator 100 stands still with the diagnosis
posture, that is, in the state in which the influence of the
flow rate pressure loss characteristics is eliminated and
the pressure on the lineis made even. Thus, the accuracy
of the failure sensing can be improved.

[0136] Although the embodiments of the present in-
vention have been described in detail above, the present
invention is not limited to the above-described embodi-
ments and various modifications are included therein.
For example, the above-described embodiments have
been explained in detail in order to explain the present
invention in an easy-to-understand manner, and the pre-
sent invention is not necessarily limited to that including
all configurations explained.

Description of Reference Characters
[0137]

1: Boom cylinder (actuator)
1a: Cap chamber

1b: Rod chamber

1c: Rod

1d: Cylinder tube

1e: Piston
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2: Boom

3: Arm cylinder (actuator)

3a: Cap chamber

3b: Rod chamber

3c: Rod

3d: Cylinder tube

3e: Piston

4: Arm

5: Bucket cylinder (actuator)

5a: Cap chamber

5b: Rod chamber

5c: Rod

5d: Cylinder tube

5e: Piston

6: Bucket

7: Swing motor (actuator)

8a, 8b: Travelling motor

9: Engine

10: Power transmission device

11: Charge pump

12: First closed-circuit pump

12a: Regulator

13: First open-circuit pump

13a: Regulator

14: Second closed-circuit pump

14a: Regulator

15: Second open-circuit pump

15a: Regulator

16: Third closed-circuit pump

16a: Regulator

17: Third open-circuit pump

17a: Regulator

18: Fourth closed-circuit pump

18a: Regulator

19: Fourth open-circuit pump

19a: Regulator

20: Charge relief valve

21 to 24: Relief valve

25: Hydraulic operating fluid tank

26 to 29: Charge check valve

30a, 30b, 31a, 31b, 32a, 32b, 33a, 33b: Relief valve
34 to 36: Flushing valve

37a, 37b, 38a, 38b, 39a, 39b: Relief valve
40a, 40b, 41a, 41b, 42a, 42b: Charge check valve
43a to 43d, 45a to 45d, 47a to 47d, 49a to 49d:
Selector

valve (closed-circuit selector valve)

44a to 44d, 46a to 46d, 48a to 48d, 50a to 50d:
Selector valve (open-circuit selector valve)
51a, 51b, 52a, 52b, 53a, 53b: Relief valve
54, 55: Proportional selector valve

56: Operation device

56a: Boom lever

56b: Arm lever

56¢: Bucket lever

56d: Swing lever

57: Controller

57a: Lever operation amount computation section
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57b: Pressure computation section

57c: Actuator-allocated flow rate computation sec-
tion

57d: Pressure sensor failure sensing section

57e: Pseudo-pressure computation section

58: Display device

59: Pressure sensor failure diagnosis input genera-
tion device

64 to 67: Proportional valve

70a, 70b, 71a, 71b, 72a, 72b, 73a, 73b: Pressure
sensor (actuator pressure sensor)

80a, 80b, 82a, 82b, 84a, 84b, 86a, 86b: Pressure
sensor (closed-circuit pump pressure sensor)

81, 83, 85, 87: Pressure sensor (open-circuit pump
pressure sensor)

100: Hydraulic excavator

101: Cab

101a, 101b: Track device

102: Lower track structure

103: Upper swing structure

104: Cab

105: Swing device

106: Front work implement (work device)

107: Hydraulic drive system

200 to 202: Flow line

202a: Branch flow line

203 to 205: Flow line

205a: Branch flow line

206 to 208: Flow line

208a: Branch flow line

209 to 211: Flow line

211a: Branch flow line

212 to 225: Flow line

301 to 304: Coupling flow line

305a to 305d, 306a to 306d, 307a to 307d, 308a to
308d:

Connection flow line for the open circuit

309a to 309c: Connection flow line for the closed
circuit

400 to 403: Posture sensor

A to D: Closed circuit

E to H: Open circuit

Claims

A construction machine comprising:

a work device;

an actuator that drives the work device;

a plurality of closed-circuit pumps of a variable
displacement type having two flow-out/in ports;
a plurality of closed-circuit selector valves cap-
able of switching between communication and
interruption between the actuator and the plur-
ality of closed-circuit pumps;

aposture sensor that senses posture of the work
device;
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a plurality of closed-circuit pump pressure sen-
sors that sense pressure of the plurality of
closed-circuit pumps;

an actuator pressure sensor that senses pres-
sure of the actuator;

an operation device that instructs the actuator to
act; and

a controller that controls the plurality of closed-
circuit selector valves and the plurality of closed-
circuit pumps in response to an input signal from
the operation device,

the controller being configured to, when supply
of a hydraulic operating fluid from one closed-
circuit pump among the plurality of closed-circuit
pumps to the actuator is started, open one
closed-circuit selector valve corresponding to
the one closed-circuit pump among the plurality
of closed-circuit selector valves after controlling,
in a state in which the one closed-circuit selector
valve is closed, the one closed-circuit pump in
such a manner that differential pressure across
the closed-circuit selector valve that is a differ-
ence between a measurement value of one
closed-circuit pump pressure sensor corre-
sponding to the one closed-circuit pump and a
measurement value of the actuator pressure
sensor becomes equal to or lower than a pre-
determined first threshold, wherein

the controller is configured to,

in a state in which two or more closed-circuit
pumps among the plurality of closed-circuit
pumps are connected to the actuator, determine
whether afailure of the actuator pressure sensor
exists on a basis of measurement values of two
or more closed-circuit pump pressure sensors
corresponding to the two or more closed-circuit
pumps among the plurality of closed-circuit
pump pressure sensors and the measurement
value of the actuator pressure sensor, and
when determining that the actuator pressure
sensor involves a failure, calculate pseudo-
pressure of the actuator on a basis of a mea-
surement value of the posture sensor, and cal-
culate the differential pressure across the
closed-circuit selector valve by using the pseu-
do-pressure instead of the measurement value
of the actuator pressure sensor.

2. The construction machine according to claim 1,

wherein

the construction machine includes

a plurality of open-circuit pumps of a variable
displacement type having a flow-in port and a
flow-out port,

a plurality of open-circuit selector valves cap-
able of connecting the plurality of open-circuit
pumps to the actuator, and
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a plurality of open-circuit pump pressure sen-
sors that sense pressure of the plurality of open-
circuit pumps, and

the controller is configured to,

when supply of the hydraulic operating fluid from
one open-circuit pump among the plurality of
open-circuit pumps to the actuator is started,
open one open-circuit selector valve corre-
sponding to the one open-circuit pump among
the plurality of open-circuit selector valves after
controlling, in a state in which the one open-
circuit selector valve is closed, the one open-
circuit pump in such a manner that differential
pressure across the open-circuit selector valve
that is a difference between a measurement
value of one open-circuit pump pressure sensor
corresponding to the one open-circuit pump and
the measurement value of the actuator pressure
sensor becomes equal to or lower than the first
threshold,

in a state in which two or more open-circuit
pumps among the plurality of open-circuit
pumps are connected to the actuator, determine
whether a failure of the actuator pressure sensor
exists on a basis of measurement values of two
or more open-circuit pump pressure sensors
corresponding to the two or more open-circuit
pumps among the plurality of open-circuit pump
pressure sensors and the measurement value of
the actuator pressure sensor, and

when determining that the actuator pressure
sensor involves a failure, calculate the differen-
tial pressure across the open-circuit selector
valve by using the pseudo-pressure instead of
the measurement value of the actuator pressure
Sensor.

The construction machine according to claim 2,
wherein

the controlleris configured to calculate a difference in
a measurement value regarding each combination
of two pressure sensors included in the actuator
pressure sensor, the two or more closed-circuit
pump pressure sensors, and the two or more
open-circuit pump pressure sensors in a state in
which the two or more closed-circuit pumps and
the two or more open-circuit pumps are connected
to the actuator, and determine that the pressure
sensor included in two or more combinations in
which the difference is larger than a predetermined
second threshold involves a failure.

The construction machine according to claim 3,
wherein

the construction machine includes a display de-
vice capable of displaying information output
from the controller, and
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the controller is configured to output, to the dis-
play device, identification information of one
pressure sensor included in the actuator pres-
sure sensor, the two or more closed-circuit pump
pressure sensors, and the two or more open- 5
circuit pump pressure sensors when determin-

ing that the one pressure sensor involves a
failure.

The construction machine according to claim 1, 10
wherein

the controller is configured to calculate the pseudo-
pressure in such a manner that the pseudo-pressure

has a value equal to or higher than pressure of the
actuator when the work device takes posture sensed 15
by the posture sensor in a no-load state.

The construction machine according to claim 1,
wherein
20
the construction machine includes a pressure
sensor failure diagnosis input generation device
capable of adjusting input and output of the
controller, and
the controller is configured to keep a state in 25
which the plurality of closed-circuit pumps are
connected to the actuator in a state in which a
delivery flow rate of the plurality of closed-circuit
pumps is set to zero after controlling the plurality
of closed-circuit pumps and the plurality of 30
closed-circuit selector valves to cause the work
device to take predetermined posture, through
adjustment of the input and the output by the
pressure sensor failure diagnosis input genera-
tion device. 35
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